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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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parts in the ISO 18115 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Surface chemical analysis is an important area which involves interactions between people with
different backgrounds and from different fields. Those conducting surface chemical analysis can be
materials scientists, chemists, or physicists and can have a background that is primarily experimental
or primarily theoretical. Those making use of the surface chemical data extend beyond this group into
other disciplines.

With the present techniques of surface chemical analysis, compositional information is obtained for
regions close to a surface (generally within 20 nm) and composition-versus-depth information is

obt
cov
to

pro
the

phy
Thd

To &
to ¢

Thd

Clause 10:
Clause 11:
Clause 12:
Clause 138:
Clause 14:

hined with surface analytical techniques as surface layers are removed. The surface analy
bred in this document extend from the techniques of electron spectroscopy and mas$ sp¢
ptical spectrometry and X-ray analysis. The terms covered in ISO 18115-2 relate tg
be microscopy. The terms covered in ISO 18115-3 relate to optical interface analysis. C
be techniques derive from disciplines as widely ranging as nuclear physics afrd radiation
sical chemistry and optics.

wide range of disciplines and the individualities of national usageshave led to differen
being attributed to particular terms and, again, different terms being used'to describe the sar
void the consequent misunderstandings and to facilitate the exchatige of information, it
larify the concepts, to establish the correct terms for use, and t@establish their definitio

terms are classified under Clauses 3 to 22:

Clause 3: Terms related to general concepts in surface\chemical analysis;
Clause 4: Terms related to particle transport inmaterials;

Clause 5: Terms related to the description of'samples;

Clause 6: Terms related to sample prepagation;

Clause 7: Terms related to instrumentation;

Clause 8: Terms related to experimental conditions;

Clause 9: Terms related to sputter depth profiling;

Terms related to resolution;

Terms-related to electron spectroscopy methods;

Terms related to electron spectroscopy analysis;

Terms related to X-ray fluorescence, reflection and scattering methods;

Terms related to X-ray fluorescence, reflection and scattering analysis;

tical terms
pctrometry
scanning-
bncepts for
science to

[ meanings
he concept.
s essential
nS.

Clause 15:
Clause 16:
Clause 17:
Clause 18:
Clause 19:
Clause 20:
Clause 21:
Clause 22:

Terms related to glow discharge methods;

Terms related to glow discharge analysis;

Terms related to ion scattering methods;

Terms related to ion scattering analysis;

Terms related to surface mass spectrometry methods;
Terms related to surface mass spectrometry analysis;
Terms related to atom probe tomography;

Terms related to multivariate analysis.
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Surface chemical analysis — Vocabulary —

Part 1:
General terms and terms used in spectroscopy

Thi
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3.1
intd

Scope
5 part of the ISO 18115 series defines terms for surface chemical analysis. It covers’ ger

ISO 18115-3 covers terms used in optical interface analysis.

Normative references

re are no normative references in this document.

Terms related to general concepts in surface chemical analysis
and IEC maintain terminology databases for use in standardization at the following addj

ISO Online browsing platform: available at https:z//fWwww.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

prface

boundary between two phases having different chemical, elemental, or physical properties

3.2
sur
inte

3.3
me

qu
[SO

3.4
ana
sub

face
rface (3.1) between a condensed phase and a gas, vapour, or free space

surand
tity intended tglbe measured

URCE: ISOAEE Guide 99:2007,[1] 2.3, modified — The notes to entry have been deleted.]
lyte
stamce or chemical constituent that is subjected to measurement

3.5
che

mical species

atom, molecule, ion, or functional group
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3.6

unified atomic mass unit

u

dalton

Da

unit equal to 1/12 of the mass of the nuclide 12C at rest and in its ground state

Note 1 to entry: 1 u » 1,660 538 86 x 10727 kg with a one-standard-deviation uncertainty of +0,000

000

28 x 10727 kg.[2] This is a non-SI unit, accepted for use with the International System, whose value in SI units is

obtained experimentally.

Note 2 to erffry: The term dalton, symbol Da, Is preferred over unified atomic mass unit as it 1s both shorter
works bettdr with prefixes.

Note 3 to entry: The above definition was agreed upon by the International Union of Pure and Applied Phy
in 1960 and| the International Union of Pure and Applied Chemistry in 1961, resolving a longstanding differ
between chpmists and physicists. The unified atomic mass unit replaced the atomic mass unit‘(¢hemical s¢
and the atgmic mass unit (physical scale), both having the symbol amu. The amu (physical scale) was

sixteenth of the mass of an atom of oxygen-16. The amu (chemical scale) was one-sixteenth-of the average 1
of oxygen afoms as found in nature. In the 1998 CODATA, 1 u= 1,000 317 9 amu (physical scale) = 1,000 043

(chemical s¢ale).

3.7
reference method
thoroughlyf investigated method, clearly and exactly describing“the necessary conditions

procedures for the measurement of one or more property values,.that has been shown to have accut
and precidion commensurate with its intended use and thdt\¢an therefore be used to assess
accuracy of other methods for the same measurement, parti€ularly in permitting the characteriza
of a refererice material (5.1)

[SOURCE: [SO Guide 30:1992+A1:2008!3]]

3.8
quantitative analysis
determination of the amount of analyte (3.4) detected in, or on, a sample

Note 1 to e]try: The analytes can be elemental or compound in nature.
t

Note 2 to erftry: The amounts can be éxpressed, for example, as atomic or mass percent, atomic or mass frac
mole or mags per unit volume, as appropriate or as desired.

Note 3 to enfry: The sample material can be inhomogeneous so that a particular model structure may be assu
in the interpretation. Details 9fthat model should be stated.

3.9
detection Jimit

and

sics
bnce
ale)
bne-
hass
hmu

and
acy
the
[ion

ion,

med

smallest afnountief an element or compound that can be measured under specified analysis conditipns

Note 1 to enptry: The detection limit is often taken to correspond to the amount of material for which the ]otal
signal for that material minus the background signal (3.21) is three times the standard deviation of the signal
above the background signal. This approach is simplistic and, for more accurate and rigorous definitions of

detection limits, the References [4] and [5] should be consulted.

Note 2 to entry: The detection limit can be expressed in many ways, depending on the purpose. Examples of ways
of expressing it are mass or weight fraction, atomic fraction, concentration, number of atoms, and mass or weight.

Note 3 to entry: The detection limit is generally different for different materials.

2 © IS0 2023 - All rights reserved
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3.10

matrix effects

change in the intensities or spectral information per atom of the analyte (3.4) arising from change in
the chemical or physical environment

Note 1 to entry: Examples of these environments are varying sample morphologies [e.g. thin films (5.13), clusters,
fibres, nanostructures] of different dimensions, the amorphous or crystalline state, changes of matrix species,
and the proximity of other physical phases or chemical species (3.5).

3.11
matrix factor
facﬂors, arising from the composition of the matrix, for multiplying the quotient ol the|l measured

intgnsity and the appropriate sensitivity factor in formulae to determine the compositionyusing surface

anallytical techniques

Note¢ 1 to entry: See average matrix sensitivity factor and pure-element sensitivity factor,

Notg 2 to entry: In methods such as AES (11.1), the matrix factor is determined in partby the compofition of the
subisurface material and in part by the composition of the analysis volume (8.48) in the sample.

3.12
absplute elemental sensitivity factor
coefficient for an element by which the measured intensity for that element is divided tp yield the
atomic concentration or atomic fraction of the element presentin the sample

Notg 1 to entry: See elemental relative sensitivity factor (12.92) (20.61).
Not¢ 2 to entry: The choice of atomic concentration or atontic fraction should be made clear.

Notg¢ 3 to entry: The type of sensitivity factor utilized should be appropriate for the formulae jused in the
quaptification process and for the type of sample @nalysed, for example homogeneous samples o1 segregated
layefrs.

Not¢ 4 to entry: The source of sensitivity fadtors should be given to ensure that the correct matrix fgctors (3.11)
or ofher parameters are used.

Not¢ 5 to entry: Sensitivity factors depend on parameters of the excitation source, the spectromdter, and the

orieptation of the sample to thesé&parts of the instrument. Sensitivity factors also depend on the matrix being
analysed, and in SIMS (19.1) thisshas a dominating influence.

distlance betweenaldes in measurand (3.3) space from which individual data points are acdquired

peak intensity
measure of signal intensity (3.17) for a constituent spectral peak

Note 1 to entry: Intensity is usually measured for quantitative purposes which can be the height of the peak
above a defined background or the peak area (3.16). The units can be counts (3.18), counts-electron volts, counts
per second, counts-electron volts per second, counts per amu, counts per second per amu, etc. For differential
spectra, the intensity can be the peak-to-peak height or the peak-to-background height. The measure of intensity
should be defined and the units stated in each case.

Note 2 to entry: The meaning is very rarely the literal meaning of the intensity value at the top of the measured
peak either before or after removal of any background.

©1S0 2023 - All rights reserved 3
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3.16
peak area

area under a peak in a spectrum after background removal

Note 1 to entry: See inelastic electron scattering background subtraction (12.85) and signal intensity (3.17).

Note 2 to entry: The peak area can be expressed in counts (3.18), counts per second, counts-electron volts,
counts-electron volts per second, counts per amu, or other units.

3.17

signal intensity

strength o

Note 1 to g
detection of

Note 2 to e
(per chann
intensity m
differentiat

Note 3 to e
mass and s
current-eV-
the approprj
solid angle,

3.18
counts
total numb

Note 1 to er]
of dead tim{
other noise

C 1 - 1 1 L 1 okl 1 -
d IIT45UTrcu SIigllidl dl d SPTCLTUINCLETD UCLECLOl O dILCl SUIIIC UCTITICU PIOCESSIITE

ntry: The signal intensity is subject to significant change between the points of generation
the signal and, further, between the points of detection and display on the measuring instxzumen

ntry: The signal intensity can be expressed in counts (3.18) (per channel) or counts per sed
1) or counts-electron volts per second or other units. In AES (11.1), the differential of the si
hy be obtained by analogue modulation (12.61) of an electrode in the spectromeéter or by nume
on of the spectrum. The type of signal shall be defined.

htry: In an electron or mass spectrum (20.58), the measured spectpum-integrated over energ
lid angle is equal to a current. If the spectrometer has been calibrated, the units of intensity ca
-sr1 or currentamu~l-sr~1. If the spectrum has been normalized tQunit primary-beam (8.10) curt
iate units would be eV-1-sr™1 or amu~1-sr-1. If the spectrum has also been integrated over the emis
Lthe appropriate units would be eV-! or amu-1.

er of pulses recorded by a detector system in a,defined time interval

try: The counts can be representative, one-for-oene with the particles being detected [in the abs
(7.17) losses in the counting measurement},in which case they follow Poissonian statistics [un

detected. T

(3.19) sources are present]| or they can simply be proportional to the number of particles b
e type of measure shall be clearly stated:

Note 2 to enfry: In multidetector systems, the-apportion of counts into relevant channels of the spectrum can

to changes
be partly co

3.19
noise
time-varyi
uncertaint

om the expected Poissonian statistics in each channel since the counts in neighbouring channels
rrelated.

hg disturbanceS~superimposed on the analytical signal with fluctuations, leading
y in the signahintensity (3.17)

Note 1 to enjtry: An aecurate measure of noise can be determined from the standard deviation of the fluctuati

Visual or ot
of noise.

her estimates, such as peak-to-peak noise in a spectrum, can be useful as semiquantitative meas

and
t.

ond
;nal
ical

y or
h be
ent,
Kion

bnce
less
ing

ead

can

to

ons.
lres

Note 2to e

<7t Tha fluctuationcein thao maacuirod intancity can arico from 2 nybor of cancac cuch a¢ cfafic
T Hettat -6 Y - tt ot t

ical

noise (3.20)

3.20
statistical

J
and electrical interference.

noise

noise (3.19) in the spectrum due solely to the statistics of randomly detected single events

Note 1 to entry: For single-particle counting systems exhibiting Poisson statistics, the standard deviation of a
large number of measures of an otherwise steady count rate, N, each in the same time interval, is equal to the
square root of N.

Note 2 to entry: In multidetector systems, the data processing required to generate the output spectrum can lead

to statistical correlation between adjacent channels and also an apparent noise in each channel that is less than
Poissonian.
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3.21
background signal

signal present at a particular position, energy, mass or wavelength due to processes or sources other

than those of primary interest

Note 1 to entry: See metastable background (20.36), Shirley background (12.86), Sickafus background (12.87), and

Tougaard background (12.88).

3.22
peak-to-background ratio
signal-to-background ratio

ratip of the maximum height of the peak above the background intensity to the magnitide of that

background intensity

Note 1 to entry: Signal-to-background ratio is the more commonly used term in GDS (15.1), where itis
to SBR. Peak-to-background ratio is the more commonly used term for types of electron spéctrosco
AES|(11.1) and XPS (11.6).

Notg¢ 2 to entry: The method of estimating the background intensity shall be given. For AES, the
intepsity is often determined at a kinetic energy (3.35) just above the peak of interest.

3.28
signal-to-noise ratio
ratip of the signal intensity (3.17) to a measure of the total noise\(3.19) in determining that si

Note 1 to entry: See statistical noise (3.20).

Not¢ 2 to entry: The noise in AES (11.1) is often measured ata convenient region of the spectral backg
to the peak.

hbbreviated
pies such as

background

bnal

round close

position of

ctrical noise

.21) by the

lin chnpn

measured shape of a particular spectral feature

3.28
peak width
width of a peak at a defined fraction of the peak height

Note 1 to entry: See intrinsic linewidth (12.22).

Note 2 to entry: Any background subtraction method used should be specified.

Note 3 to entry: The most common measure of peak width is the full width of the peak at half maximum (FWHM)

intensity.

© IS0 2023 - All rights reserved
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Note 4 to entry: For asymmetrical peaks, convenient measures of peak width are the half-widths of each side of
the peak at half maximum intensity.

3.29

peak fitting
procedure whereby a spectrum, generated by peak synthesis (3.30), is adjusted to match a measured

spectrum

Note 1 to entry: A least-squares optimization procedure is generally used in a computer programme for this

purpose.

Note 2to e

facrz, T PR mdithaoalbaoclgeaol, bould Lo dofio

sed

on the adjug

3.30

peak synt
procedure
in which t
intensities

Note 1 to enftry: The selected peak shape and the background shape should be defined-

3.31
lateral pr

file
chemical o([‘ elemental composition, signal intensity (3.17) or processed intensity information from

available s

Note 1 to enftry: See line scan (8.56).

3.32

depth pro
vertical p1
chemical o
available s

Note 1 to enftry: See compositional depth profile'(3.33).

3.33
compositi
CDP
atomic or 1

3.34

depth pro
monitoring
the surface

1 ad e chan Lol rd-chan A Aaxs netra. o dian
oy aCSCreCeC o ptarcsaptata ot oat K g T o aTra STrap t-STrourG ot O CTIIC O Ity COTISTT arttcs tiirp

tment process should also be defined.

hesis

whereby a synthetic spectrum is generated, using either model or experimental peak sha
ne number of peaks, the peak shapes, the peak widths (3.28), the peak positions, the p
and the background shape and intensity are adjusted for peak fitting (3.29)

bftware measured in a specified direction parallel to the surface (3.2)

file

ofile

I elemental composition, signal intensity-{3.17) or processed intensity information from
bftware measured in a direction normal to the surface (3.2)

pnal depth profile
nolecular composition measured as a function of distance normal to the surface (3.2)
filing

of signal intensity (3.17) as a function of a variable that can be related to distance normz
(3.2)

Note 1 to e11try: See compositional depth profile (3.33).

pes,

eak

the

the

Ito

Note 2 to entry: In a sputter depth profile (9.1) the signal intensity is usually measured as a function of the
sputtering (9.3) time.
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3.35
kinetic energy
energy of motion

Note 1 to entry: The energy of a charged particle due to motion is not necessarily constant and varies with the
local electric potential. If all local electrodes are at ground potential, the kinetic energy of the particle varies
with the local vacuum level (12.10). This vacuum level can vary over a range of 1 eV in different regions of AES
(11.1) and XPS (11.6) instruments and measured electron energies can similarly vary. This variation is removed
if the kinetic energies are referred to the Fermi level (12.9). In XPS, by convention, the Fermi level is always used
but in AES both vacuum (12.76) and Fermi level referencing (12.75) are practised. Instruments capable of both
AES and XPS are Fermi level referenced. Fermi level referencing is recommended for accurate measurements of

Not

3.3
ra
at

Not
elec
are

Not
des
hav

Not

3.3

ical
:j:ls or molecular entity possessing an unpaired electron

those referenced to the vacuum level. It is convenient in AES to assume a standard vacuumléy
0 eV above the Fermi level so that the energies of Auger electron (12.32) peaks, referenced €o, the
be converted in a consistent way to energies referenced to the vacuum level and vice versa,

-

b
species

e and charge of an ion
MPLE Ar*, 07, and H,".

e 1 to entry: If an isotope is used, it should be specified.

y

e 1 to entry: Entities such as *CH;, °SnHs;, and CI* haveformulae in which the dot symbolizing t
tron is placed so as to indicate the atom of highest spin density, if this is possible. Paramagneti
hot normally regarded as radicals.

b 2 to entry: Depending upon the core atom that possesses the unpaired electron, the radi
ribed as carbon-, oxygen-, nitrogen-, or. métal-centred radicals. If the unpaired electron occupie
ng considerable “s” or more or less pur€;“p” character, the respective radicals are termed o- or 1t
e 3 to entry: The adjective “free” is no longer used.

B

radjical ion
radjcal (3.37) carrying an electric charge

Notg 1 to entry: A positively charged radical is called a “radical cation” (e.g. the benzene radical cati
negatively charged radical is called a “radical anion” (e.g. the benzene radical anion C4Hg*~ or the be
radjcal anion Ph,G~0°"). Commonly, but not necessarily, the odd electron and the charge are associa
samle atom. Unless the positions of unpaired spin and charge can be associated with specific atoms,
dot pnd charge designations should be placed in the order e+ or ¢- as suggested by the name “radi
C3HE),

3.3¢

p eV greater
pl (12.11) of
Fermi level,

he unpaired
C metal ions

cals can be
s an orbital
radicals.

n CgHgt); a
hzophenone
ed with the
superscript
cal ion” (e.g.

light ion

ion

lighter than lithium

Note 1 to entry: See intermediate-mass ion (3.40) and heavy ion (3.41).

3.40
intermediate-mass ion
ion with mass between, and including, lithium and argon

Note 1 to entry: See heavy ion (3.41) and light ion (3.39).
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3.41
heavy ion

ion heavier than argon

Note 1 to entry: See intermediate-mass ion (3.40) and light ion (3.39).

3.42
anion
negatively

charged ion

Note 1 to entry: See cation (3.43).

3.43
cation
positively

harged ion

Note 1 to enftry: See anion (3.42) and cationized molecule (20.22).

3.44

cluster ion

ion compos

ed of many atoms or chemical species (3.5)

Note 1 to enftry: The cluster can have a positive or negative charge.

Note 2 to e
Examples ir
[Ceo™ Ary*

3.45
ionization|
ratio of the
process

htry: Cluster ions are used to desorb molecular species fromysurfaces with enhanced efficien
clude ions produced in liquid metal sources (Au,* Bi,*) as.well as ions produced by electron im
H,0) ,*].

efficiency
t number of ions formed to the number of glectrons, ions, or photons used in an ioniza

[SOURCE: JUPAC]

3.46

ion neutrd
<ISS, SIMS
a material

3.47
de Broglie
wavelengtl

lization
> charge exchange (16.35)process in which an ion loses its charge through interactions y
surface (3.2) or with gas-phase atoms or molecules

wavelength
1 of a particle deduced from de Broglie's concept of wave-particle duality

Note 1 to enftry: The wawelength is calculated as the quotient of Planck's constant and the particle momentuy

3.48
energy eig

envalue

Cies.
pact

fion

vith

energy val

1e-0f a single hound electron level in an atom, molecule, jon, or solid ohtained hy sol

ying

the single-electron Schrédinger or Dirac formula in the Dirac-Fock representation of the electronic
structure of an atom in its ground state

Note 1 to entry: Eigenvalues are the solutions to certain integral formulae, a special case of which is the
Schrédinger formula for electrons in atoms, molecules, ions, or solids.

Note 2 to entry: In the frozen-orbital approximation (3.49), the binding energy (12.16) of a hole state (3.62) is given
by the negative of the corresponding single-electron energy eigenvalue.
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3.49

frozen-orbital approximation

assumption that the one-electron wavefunctions of the electrons remaining in an atom or molecule are
unchanged after ionization

Note 1 to entry: In the frozen-orbital approximation, the binding energy (12.16) of an electron is given by the
negative of the energy eigenvalue (3.48).

3.50

Koopmans energy
calculated energy of an electron in an orbital, on the assumption that its removal to infinity is
unaccompaniled by electronic relaxation (3.58)

3.5
orhital energy
<XHS> Koopmans energy (3.50) corrected for intra-atomic relaxation (3.57)

3.5
spin orbit splitting
splitting of p, d, or flevels in an atom arising from coupling of the spin ahd orbital angular mpmentum

3.58
excjted state
stafle of a system with energy higher than that of the ground state

Note 1 to entry: This term is generally used to characterize a miolecule in one of its electronically exfited states,
but fan also refer to vibrational and/or rotational excitation in'the electronic ground state.

3.5{]4
initlial state
<AHS> core-hole excited state (3.53) of an atomptrior to an Auger transition (12.33) or to X-rdy emission

3.5p
initial state
<XHS> ground state of an atom priof to photoelectron emission

3.5p
final state
<AHS, XPS> state of an atom-resulting after a particular Auger, X-ray, or photoemission (12.8) process

3.5y
relgxation
profess by whieh.ah atom, molecule, or ion is transformed from a higher potential-energy state to a
lowgr potentialenergy state

Note 1 to entry: See electronic relaxation (3.58).

3.58
electronic relaxation

relaxation (3.57) resulting from the transition of an electron between energy levels, resulting in the
release of energy

Note 1 to entry: The energy release can result in the ejection of a photon or other particle.

3.59

relaxation energy

<XPS> energy associated with intra-atomic or extra-atomic electronic readjustment to the removal of
an atomic electron, so as to minimize the energy of the final state (3.56) of the system
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3.60

extra-atomic relaxation energy

screening energy

diminished energy of an ionized atom in a solid due to coulombic attraction of electrons in the
immediate environment

3.61
hole
electronic vacancy in an atom, molecule, or solid

3.62
hole state
electronic fonfiguration of an atom, molecule, or solid containing a hole (3.61)

3.63
spectator hole
hole state (3.62) in the electronic structure of an atom that can be present during processes such as
Auger electiron (12.32) and X-ray photoelectron emission but is not created or destroyed in the process

3.64
X-ray fluofrescence
<AES, TXRF, XPS> X-rays generated by a transition of an electron from a filled shell to a core hole (3161),
created bylincident radiation, at a higher binding energy (12.16)

3.65
fluorescence yield
<AES, TXRF, XPS> probability that an atom with a vacancy ip.a'particular inner shell relaxes by Xiray
fluorescende (3.64)

3.66
characteristic X-rays
photons emitted by ionized atoms and having a particular distribution in energy and intensity whigh is
characterigtic of the atomic number and chemieal environment of the atom

Note 1 to enftry: In XPS (11.6), the term is applied‘to the X-ray source used to excite photoelectrons in the sanpple.

Note 2 to enftry: In electron probe microanalysis, characteristic X-rays emitted from the sample are detected|and
analysed tolgive information on the cemposition of the sample.

3.67
X-ray lineyidth
energy width of the prineipal characteristic X-ray (3.66) line

Note 1 to ellry: In XPS(11.6) the X-ray linewidth usually refers to that of the X-ray source.

Note 2 to enftry: TheX-ray linewidth contributes to the photoelectron peak widths (3.28).

3.68
X-ray monochromator
device used to eliminate photons of energies other than those in a narrow energy or wavelength band

3.69

ion lifetime

average time that an ion exists in a particular electronic configuration, for example as a vacancy in a
particular shell of an atom

3.70
Auger de-excitation
process in which the excess energy of an excited atom or ion is given up by the Auger process (12.30)

Note 1 to entry: See Auger neutralization (3.71).
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Note 2 to entry: The Auger process can involve energy levels in neighbouring atoms and lead to ejection of an
electron into the vacuum. This electron's energy can then usefully be characteristic of a surface atom with which

a metastable probe atom (e.g. He) is in close proximity.

3.71

Auger neutralization
<ion at a surface> process in which an electron, tunnelling from the conduction band of a solid,
neutralizes an incoming ion and an electron is ejected from a surface atom

Note 1 to entry: The ejected electron can be emitted into the vacuum.

3.7%

ti

constant

<anjalogue electronic circuits> time required for a signal to change by [1 - (1/€)], or 63,2"%

val

3.7

e in response to a step function input

B

sum rule

<di

Not
the
for
inve
the
to e
visi
enel

Not
the
rule

4

4.1
bin
ela

coll
the

Not

Not

180f.

4.2

lectric function> formula that gives the value of an integral of a specified-dielectric func

complex dielectric constant and of the imaginary part of the reciprdcal of the complex dielect
iny material. The integrals involve the product of the specified dielec¢tric function and either f
rse frequency from zero frequency to an infinite frequency. The-vdlues of each integral can be ug
nternal consistency of a set of dielectric data for a materialby c¢omparing values of the specifi
kpected values. In practice, the integrations are made from low frequencies (corresponding to
ble photon energies) to frequencies much higher than those corresponding to the largest K-s
gy (12.16) of atoms in the material.

e 2 to entry: The integral of the product of the spegified dielectric function and frequency is pro|
otal number of electrons per atom or molecule ifrthe material. This sum rule is often referred to
the oscillator-strength sum rule, or the Thomas-Reiche-Kuhn sum rule.

Terms related to particle transport in materials

qary elastic scattering

btic scattering

jsion between a moving particle and a second particle in which the total kinetic energy
total momentum afe,conserved

1 to entry: Seelinélastic scattering (4.2).

e 2 to entry:\n elastic scattering interactions, the moving particle can be deflected through an

o

of its final

tion

e 1 to entry: Formulae have been derived that give expected values of-integrals of the imagipary part of

Fic constant
Fequency or
ed to assess
ed integrals
infrared or
hell binding

portional to
hs the f-sum

(3.35) and

rles of up to

me

astic scattering

interaction between a moving energetic particle and a second particle or assembly of particles in which
the total kinetic energy (3.35) is not conserved

Note 1 to entry: Kinetic energy is absorbed in solids by various mechanisms, for example inner-shell ionization,
plasmon (12.47) and phonon excitation, and bremsstrahlung (12.57) generation. These excitations usually lead to
a small change in direction of the moving particle.

Note 2 to entry: In particle collisions, the collision can be elastic in that the kinetic energy of the particles is
conserved, but energy can still be lost by the incident particle. In the scattering of electrons by atoms, the energy
lost is usually very small and is often ignored. Where it is not ignored, the scattering is often termed quasi-elastic
[see elastic peak (12.42)].
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4.3

energy loss
energy dissipated by particles as they interact with the sample

Note 1 to en

4.4

try: See characteristic electron energy losses (12.40) and plasmon (12.47).

backscattering energy
energy of a particle from the primary beam (8.10) after it has undergone a backscattering collision and
escaped from the sample

4.5

Bohr's crif
angle of io|
distance of

Note 1 to er]
For surface

4.6
Compton s
scattering

Note 1 to er
(8.4).

4.7

cross sect
<for a spe(
uncharged
the target

Note 1 to e
relevant prg

Note 2 to er]
reduction d

dN = N

wherenist
Integration

N =N_g

h scattering from a nucleus given by the ratio of the de Broglie wavelength (3.47).and

ical angle

closest approach of the ion with the nucleus

Analysis conditions, this angle is very small.

cattering
bf X-rays and other photons by electrons

try: The photon loses energy by recoil of the electron to an extent governed by the scattering d

on

ified target entity and for a specified reaction’er process produced by incident charge
particles of specified type and energy> quotiént of the probability of reaction or process
entity by the incident-particle fluence (8.16)

htry: Cross sections are often expressed as an area per target entity (atom, molecule, etc.) for
cess.

try: A cross section of o per atom for' the removal of particles from a given state in a beam leads
Vin the number N of particles.imthat state in a distance dx, given by the relationship:

on dx

he density of atoms traversed by the beam.
leads to the relationship

Xp (-hoX)

the

try: Quantum effects are usually ignored for scattering angles (8.4) larger than Bohr's critical angle.

ngle

l or

for

the

toa

where N, is

tlie-value of N at the origin of x.

4.8

elastic scattering cross section
cross section (4.7) for binary elastic scattering (4.1)

4.9

differential elastic scattering cross section
quotient of the elastic scattering cross section (4.8) for scattering into a particular infinitesimal solid
angle far from the target (18.2) by that infinitesimal solid angle

Note 1 to entry: The differential elastic scattering cross section is related to the elastic scattering cross section,

o, by

oe= |
4n

12

do. (Q),
dQ
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where do,(2)/dQ2 is the differential elastic scattering cross section for scattering into solid angle (.

4.10

transport cross section

Otr

quotient of the fractional momentum loss of a particle incident on the sample arising from elastic
scattering (4.1) by the areic density of the sample atoms, for an infinitesimally thin sample

Note 1 to entry: This cross section (4.7) is expressed as an area per atom.

Note 2 to entry: The cross section for the loss of any momentum, however small, is simply the elastic scattering
cro forr—{4-63- ; tomr t he loss of a
substantial fraction of the initial momentum, analogous to stopping cross section (4.11) which is a,nfgasure of the
probability of the loss of a substantial amount of energy.

Note 3 to entry: The transport cross section is related to the differential elastic scattering‘cross dection (4.9),
do,(2)/dQ, by

T
do, (2
G =2n_|.%(1—c059)sin0 o
0

whdre 0 is the angle of scattering (8.4).

411
stopping cross section
<IS§, RBS, sputtering> quotient of the rate of energy loss(4.3) of a particle with distande along its
trajectory in a sample by the atomic density of sample atoms for an infinitesimal sample thigkness

Note 1 to entry: See stopping power (4.17).

Notg 2 to entry: The stopping cross section is usually’expressed in units of eV-m?2 per atom and not ad an area per
atorp as is customary for cross sections (4.7).

Note 3 to entry: The atomic density is usually taken as the number density, N, but sometimes as the njass density,
p, sq that the units are eV-m2/atom or eV-m?/kg. The stopping cross section S(E) is thus given either by

S (E) = - (1/N) (dE/dX)

or bly
S (E) = - (1/p) (dE/dA)

whdre dE/dA is the rate of loss of energy E with distance A along the particle trajectory. Note that df/dA is often
calle¢d the stopping power although it is not in units of power.

Not¢ 4 £0 €ntry: In some texts, the stopping cross section and stopping power are used interchanggably so that
S(E] =~ (dE/dA). This inconsistency for the term stopping power leads to its deprecation.

Note 5 to entry: Older texts can be found with the stopping cross section given in keV-cm?/gm (meaning “per
gram”) and in many other forms.

412

electronic stopping cross section

<EIA, RBS, sputtering> stopping cross section (4.11) arising from energy transfer to the electrons of the
sample

Note 1 to entry: The total stopping cross section is the sum of the electronic and nuclear stopping cross sections
(4.13).
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Note 2 to entry: The maximum of the nuclear stopping cross section occurs at energies of the order of 1 keV per
nucleon, whereas that of the electronic stopping cross section occurs at above 100 keV per nucleon. The absolute
value of the electronic stopping cross section maximum is significantly greater than that for the nuclear stopping
cross section.

413

nuclear stopping cross section

<EIA, RBS, sputtering> stopping cross section (4.11) arising from energy transfer to atomic nuclei of the
sample

Note 1 to entry: The total stopping cross section is the sum of the nuclear and electronic stopping cross sections
(4.12).

Note 2 to erftry: The maximum of the nuclear stopping cross section occurs at energies of the order of1 keV
nucleon, whiereas that of the electronic stopping cross section occurs at above 100 keV per nucleon. Theabsd
value of thelelectronic stopping cross section maximum is significantly greater than that for the nuclear stop
cross sectiop.

per
lute
bing

4.14

Rutherforgd cross section

<RBS> elastic scattering cross section (4.8) calculated using classical mechanies.and a Coulomb poterjtial
Note 1 to entry: See elastic scattering cross section (4.8) and enhanced elastic crosssection (4.21).

Note 2 to enftry: The resulting cross section formula was first derived by Riitherford.

4.15

screening
response arising from the atom's electrons, causing an apparent reduction in the coulomb potentiz
the nucleu

] of

Note 1 to erftry: In /IBA (17.1), when the incident ion is farfrom the target nucleus, the atom in which the nudleus
sits looks nfutral to the ion as a result of screening, The screening reduces the scattering cross section (4.7)
slightly frorp the Rutherford cross section (4.14) (abeut I'% per 50 increase in the target atomic number for 2 MeV
He). The effect becomes more pronounced and.ificreasingly uncertain as the energy decreases and, for LEIS
(17.2), the ctoss section is no longer really welltknown.

4.16

screening(function

<IBA> factpr by which the Rutherford cross section (4.14) is reduced as a result of screening (4.15) [in a
given situaftion

4.17

stopping power

stopping fprce

<EIA, RBS, sputtering> rate of energy loss (4.3) of a particle with distance along its trajectory in a sample
Note 1 to ehtrysSee stopping cross section (4.11), electronic stopping power (4.18), and nuclear stopping pgwer
(4.19).

Note 2 to entry: Stopping power and stopping force are synonymous terms and are usually represented by -dE/
dA for a particle of energy E moving along a path within a material.

Note 3 to entry: Stopping power is the official nomenclature of the International Commission on Radiation Units
and Measurements (ICRU) but it is recognized that the term does not define a power but a force and so stopping
force has been included here as a more precise synonymous term.

Note 4 to entry: In older texts, this quantity can also be called, erroneously, the stopping cross section.

14
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4.18

electronic stopping power

contribution to the stopping power (4.17) due to interactions between the particle and electrons in the
material

Note 1 to entry: see also electronic stopping cross section (4.12).

4.19

nuclear stopping power

contribution to the stopping power (4.17) due to interactions between the particle and atomic nuclei in
the material

Note 1 to entry: see also nuclear stopping cross section (4.13).

4.20
Bradgg's rule
empirical rule formulated by W.H. Bragg and R. Kleeman that states that the stopping cross segtion (4.11)
of a compound sample is equal to the sum of the products of the elemental stopping cross gections for
each constituent and its atomic fraction, that is,

Sap (€)=xSp (€)+ ySg (&)

where Syp(€) is the stopping cross section of the compound A;B), and S, (¢) and Sg(¢) are the stopping
cross sections of elements A and B, respectively

4.21
enhanced elastic cross section
<IS$, RBS> cross section (4.7) of an atom for elasticiscattering (4.1) that is greater than the|Rutherford
crogs section (4.14) due to partial penetration of athucleus in the sample by the incident particle

4.2
nudlear reaction cross section
<EIA> cross section (4.7) at a given beam“energy (8.33) and emission direction of the detectied product
for p particular nuclear reaction per’atom

Notg 1 to entry: This cross section.iswusually expressed per atom as an area in units of barns (1 barn | 10728 m2).

4.28
respnance reaction
<EIA> nuclear reactionfhat has a narrow peak in the nuclear reaction cross section (4.22) ad a function
of epergy, the nucleafreaction cross section at the peak being so much larger than the nuclepr reaction
cro$s sections atadjacent energies on either side of the peak that essentially all the particlgs detected
fromn the reaction are due to the peak

4.2

Fano plot
plot of data for the non-relativistic kinetic energy (3.35), E, times a specified factor versus thg¢ logarithm
of E to evaluate the consistency with, or divergence from, the rate of energy loss for a fast charged
particle with distance described by Bethe's theory

Note 1 to entry: The plot is named after U Fanol®l who, based on the theory of Bethe,[Z] proposed a plot for testing
the number of ionizations per unit path, S, for a fast charged particle in a gas. In his relativistic approach, 25%S
is plotted versus In[B%/(1- B2)]- B2, where B = v/c, v being the particle velocity and ¢, the velocity of light. Fano
plots have been utilized in analyses of sets of data for the electron inelastic mean free path (12.41), A, in solid
materials as a function of electron energy that were intended for use in AES (11.1) and XPS. In such applications,
E/A is plotted versus InE. In other applications, the product oE, where o is the cross section (4.7) for a specified
excitation or ionization, is plotted versus InE.
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4.25

Barkas effect
Barkas-Andersen effect
deviation, for heavy particles (18.7), of the electronic stopping cross section (4.12) from that of the Bethe

theory

Note 1 to entry: The Bethe theory is derived in Reference [7].

Note 2 to entry: Published effects occur in the energy range above 0,5 MeV.

4.26

ionizatio
cross sectid

Note 1 to ern
of the atom.

Note 2 to eptry: Partial or sub-shell ionization cross section refers to removal of an electron from a spec

shell or sub

Note 3 to erq
total numbq

Note 4 to en)|
Auger (12.3

4.27

damage ci
cross sectid
caused by |

Crosssection
n (4.7) for a process that produces, in an atom, a vacancy in a previously occupied shell

try: Total ionization cross section refers to removal of an electron from any atomic shell-or’sub-3

shell of the atom.

try: A partial ionization cross section can be expressed per electron in ashell or sub-shell or foi
r of these electrons in a shell or sub-shell of the particular atom.

try: An atom can have multiple vacancies following an initial ionization or as the result of subseq
D) or Coster-Kronig (12.36) processes.

oss section
n (4.7) for the change in the number of particularentities considered to be a result of damn
pombardment by defined ions, electrons, or phetons

Note1toe

ion fragmer

Note 3 to e
intensity.

Note 4 to e
relevant prq

Note 5 to entry: Either as a resyilt of the damage or as a result of electron or ion sputtering (9.3), the dama

material ca
observed. F
Preferential

Note 6 to enftry: Aleross section of o per atom for the removal of entities from a given state on a surface leads

reduction d

|

Note 2 to enfry: The particular entities can, for example, be specific molecules on a surface (3.2), specific obsel

ry: See disappearance cross section (20.16).

ts, atoms in a given chemical state (12.23), or polymer cross-linking as inferred from spectral daf

itry: As a result of the break-up of larger entities, the observed entity can increase or decreas

htry: Cross sections are often expressed as an area per target entity (atom, molecule, etc.) foy
cess.

h be removed ffom the sample. For bulk samples, this can reduce any change in the relevant si
br monolayer (6:6) samples, such sputtering can increase any change in the relevant signal obser
sputtering(9.26) can also change the relevant signal observed.

V in the number N of entities in that state in a time dt given by the relation:

hell

fied

the

lent

age

the

ged
bnal
ved.

toa

dN = -Njo dt

where J is the primary-ion or electron dose (8.20) rate density.

Integration

leads to the relation

N=N,exp (-Jo o

where N, is

the initial value of N.

The observed value of the number of a given entity can also depend on sources creating that entity as discussed

in Note 3 to

16

entry.
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4.28

attenuation coefficient

quantity u in the expression puAx for the fraction of a parallel beam of specified particles or radiation
removed in passing through a thin layer Ax of a substance in the limit as Ax approaches zero, where Ax
is measured in the direction of the beam

Note 1 to entry: See attenuation length (4.30) and mass absorption coefficient (4.39).
Note 2 to entry: The intensity or number of particles in the beam decays as exp(-u/x) with the distance x.

Note 3 to entry: The attenuation coefficient is the reciprocal of the attenuation length .

4.29
trapsport mean free path
Ay
avelage distance that an energetic particle travels before its momentum in its initial directioh of motion
is r¢duced to 1/e of its initial value by elastic scattering (4.1) alone

Note 1 to entry: See inelastic mean free path (12.41).

Not¢ 2 to entry: For a homogeneous and isotropic solid, in which only binary elastic scattering|occurs, the
tranjsport mean free path is related to the transport cross section (4.10), 0%, by

1
Noy.

M

where N is the number of scattering centres per unit volume.

4.30
att¢nuation length
quantity [ in the expression Ax/I for the fractien of a parallel beam of specified particles or radiation
remjoved in passing through a thin layer Ax-ef a substance in the limit as Ax approaches zerq, where Ax
is measured in the direction of the beam

Note 1 to entry: See attenuation coefficient-(4.28), decay length (4.31), effective attenuation length (12.45), electron
inelgstic mean free path (12.41), and mass absorption coefficient (4.39).

Notg 2 to entry: The intensity of niimber of particles in the beam decays as exp(-x/I) with the distanfe x.

Not¢ 3 to entry: For electroms in solids, the behaviour only approximates to an exponential decay due to the
effefts of elastic scatteringy4.1). Nevertheless, for some measurement conditions in AES (11.1) and XHS (11.6), the
signpl intensity (3.17)an depend approximately exponentially on path length, but the exponential cpnstant (the
pardmeter /) is normally different from the corresponding inelastic mean free path. Where that apprpximation is
valifl, the term effective attenuation length is used.

4.31
deday length
VahIle of' for an intensity exhibiting a response e**/! with distance x

Note 1 to entry: See attenuation length (4.30).

4.32

emission function decay length

negative reciprocal slope of the logarithm of the emission depth distribution function (4.35) at a specified
depth

4.33

average emission function decay length

negative reciprocal slope of the logarithm of a specified exponential approximation to the emission
depth distribution function (4.35) over a specified range of depths, as determined by a straight-line fit to
the emission depth distribution function plotted on a logarithmic scale versus depth on a linear scale
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4.34
deep emis

sion function decay length

asymptotic value of the emission function decay length (4.32) for increasing depths from the surface (3.2)

4.35

emission depth distribution function
<for a measured signal of particles or radiation emitted from a surface> probability that the particle
or radiation leaving the surface (3.2) in a specified state and in a given direction originated from a

specified d
4.36

epth measured normally from the surface into the material

excitation/depth distribution function

probabilit
(3.2) into
direction

4.37

that specified excitations are created at specified depths measured, normally from.d $ur]

ﬂhe material, by a beam of specified particles or radiation incident on the surface’in‘a g

informatign depth

maximum

Note 1 to ¢
information
recorded fr

Note 2 to ¢
percentage

depth, normal to the surface (3.2), from which useful information is ohtained

ntry: The information depths for the different surface analysis methods differ significantly.
depth for each technique depends on the material being analysed, the particular signals b
m that material, and the instrument configuration.

ntry: The information depth can be identified with the sample thickness from which a spec
[e.g. 95 % or 99 %) of the detected signal originates.

Note 3 to emtry: The information depth can be determined from.dadmeasured, calculated, or estimated emis

depth distril

4.38
mean escg

average de
defined by

qu)(z
0
where ¢(z

ution function (4.35) for the signal of interest.

pe depth
pth normal to the surface (3.2) from which the specified particles or radiations escap

0)dz J'q)(z,e)dz
0

0) is the emission dépth distribution function (4.35) for depth z from the surface into

material amd for angle of emission (8.5) 6 with respect to the surface normal

4.39
mass abs

ption coefficient

r
mass atte(luation coefficient

quantity p
radiation r|

p in the“expression, (u/p)A(px), for the fraction of a parallel beam of specified particle
emoyed in passing through a thin layer of mass thickness A(px) of a substance in the lim

face
ven

The
Ping

fied

sion

e dsS

the

S or
tas

A(px) appr

baches zero, where A(px) is measured in the direction of the beam

Note 1 to entry: See attenuation length (4.30).

Note 2 to entry: The mass density of the substance is p, the reciprocal of the attenuation length is y and x is the
distance in the direction of the beam.

Note 3 to entry: The intensity or number of particles in the beam decays as exp(-ux) with the distance x.

Note 4 to entry: The mass attenuation (absorption) coefficient is the quotient of the attenuation coefficient (4.28)

by the mass

18

density of the substance.
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4.40

Beer's law

Beer-Lambert law

law in which the signal of interest decays exponentially with distance travelled

Note 1 to entry: In electron spectroscopies, in the approximation in which the electrons are assumed to travel
in straight lines, the electron intensity of interest decays with distance with a decay constant given by the
attenuation length (4.30). In a more complete approach in which the elastic scattering (4.1) of the electrons is
considered, the electron intensity of interest decays with distance along the no-longer straight trajectory with a
decay constant given by the inelastic mean free path (12.41).

4.4
pruEected range
<EIA, RBS, SIMS> distance from the surface (3.2) at which an energetic ion or atom corhés’td rest in the
sanjple, projected along the direction of the beam

Note 1 to entry: See range straggling (4.43).

Notg 2 to entry: Calculations usually deal with the mean or average projected range‘for a large numbjer of ions or
atorps of the same species and the same energy.

4.4
transverse range
<EIA, RBS, SIMS> distance, normal to the direction of an energetic ion or atom impacting a syrface (3.2),
at which the ion or atom comes to rest in the sample

Note 1 to entry: See projected range (4.41).

4.48
range straggling
<EIA, RBS, SIMS> standard deviation of the projected ranges (4.41) of energetic ions or atomp of a given
enefgy

Not¢ 1 to entry: See transverse straggling (4:44).

4.44
trapsverse straggling
<EIA, RBS, SIMS> standard deviation of the transverse ranges (4.42) of energetic ions or atomfs of a given
enefgy

Note 1 to entry: See range-straggling (4.43).
4.45
infratrack

reglon of a primiary ion (20.26) track in an organic material up to 1 nm from the track centre

Note 1 to ‘€ntry: See ultratrack (4.46).

Not¢ 2-to entry: The energy deposited electronically is deposited mainly as primary excitations and ionizations
in this region.

4.46
ultratrack
region of a primary ion (20.26) track in an organic material from 1 to 100 nm from the track centre

Note 1 to entry: See infratrack (4.45).
Note 2 to entry: The energy deposited electronically in this region is deposited mainly through secondary

electrons (12.2) produced as a result of primary processes in the infratrack. For fast ions, this fraction of the
energy deposition can exceed that in the infratrack.

©1S0 2023 - All rights reserved 19


https://standardsiso.com/api/?name=de72cc9827d48ba7c7e0f13f40ef795a

ISO 18115-1:2023(E)

4.47
radiation-

enhanced diffusion

radiation-induced diffusion
atom movement in the solid, well beyond the typical penetration depth of an incident particle, due to
particle beam damage or bombardment-induced defects

5 Term

5.1
reference

s related to the description of samples

material

RM
material, s
has been e

[SOURCE: I

EXAMPLE
depth or thi

Note 1 to

these, the naterial is often homogeneous for the property values across the surface (3.2) but not in

direction p

5.2
certified 1
CRM
reference 1
properties
uncertaint

[SOURCE: ]

Note 1 to e
stated unce

Note 2 to 4
vocabulary

Note 3 to efptry: Some RMs (5.1) and CRMs have properties which, because they cannot be correlated wit

established
chemical m¢
internation

5.3

interfacia
volume be
either bulk

btablished to be fit for its intended use in a measurement process
SO Guide 30:1992+A1:2008(3]]

Implanted silicon wafers to calibrate dopant levels; thin oxide layers on substrates to calib
ckness in analytical depth profiling (3.34) instruments.

entry: Some RMs involving surface properties can be in the form of wafers or foils.

erpendicular to the surface and into the bulk.

eference material

paterial (5.1) characterized by a metrologically.yalid procedure for one or more speci
accompanied by a certificate that provides the value of the specified property, its associg
y, and a statement of metrological traceability,

SO Guide 30:1992+A1:2008[31]

htry: CRMs are usually prepared in.batches for which the property values are determined wi
Ftainty limits by measurements on(amples representative of the whole batch.

ntry: All CRMs lie within the\definition of “measurement standards” given in the internati
bf metrology, ISO/IEC Guide(991el.

chemical structure‘eop for other reasons, cannot be determined by exactly defined physical
asurement methdds. Such materials include certain biological materials such as vaccines to whic|
] unit has been‘assigned by the World Health Organization.

region
fween/two bulk phases having chemical, elemental, or physical properties different fi
phase

Lifficiently homogeneous and stable with respect to one or more specified properties, wl\ich

rate

For
the

fied

ted

thin

bnal

h an
and
h an

fom

5.4

segregation
partitioning of a species from one region to another as a result of kinetic or thermodynamic effects

Note 1 to entry: Segregation is often observed at surfaces (3.2) and interfaces (3.1).

5.5
surface se

gregation

partitioning of a species from the bulk of a material to the surface (3.2) as a result of kinetic or
thermodynamic effects
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5.6

monolayer

<chemisorption, physisorption, segregation> complete coverage of a substrate by one
molecular layer of a species

5.7
monolayer capacity

atomic or

<chemisorption> amount of adsorbate which is required to occupy all adsorption sites as determined

by the structure of the adsorbent and by the chemical nature of the adsorptive

5.8

mopolayer capacity
<physisorption> amount of adsorbate which is required to cover the surface (3.2) with
monolayer (5.6) of atoms or molecules in a close-packed array

Note 1 to entry: The type of close packing shall be stated.

5.9

surface coverage

<chpmisorption, physisorption> quotient of the amount of a material at\a’surface (3.2) by a
thelsurface area

Not¢ 1 to entry: The surface coverage can be expressed in atoms-m=%,in mol-m~2, in kg'-m~2, or as 4
amdunt to the monolayer capacity (5.7) (5.8).

5.1
multilayer
structure composed of two or more chemically distinctlayers

Note 1 to entry: See delta layer (5.12).

Notg 2 to entry: This term is often applied to solid samples in which the layers are very uniform in th
for yhich the layer thicknesses are in the range-1 nm to 100 nm.

5.11
multilayer
<chpmisorption, physisorption=.coverage of a substrate surface by more than one atomic oy
laygr of the adsorptive or segregated species

Note 1 to entry: See monolayer (5.6).

5.12
delta layer
laygr of discrete.composition, one atom thick, formed during growth of material on a substrs3

Note 1 to entry: These films are often formed during epitaxial growth on single-crystal substrates.

5.18

h complete

measure of

ratio of the

ickness and

molecular

te

thinfilm

layer of material, typically less than 100 nm in thickness, deposited or grown on a substrate

Note 1 to entry: Films thinner than 10 nm are often called ultrathin films.

5.14

self-assembled monolayer

SAM

film, one molecule thick, covalently assembled on a surface (3.2)
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5.15

Langmuir-Blodgett film

LB film

film comprising one or more monolayers (5.6) of organic molecules

Note 1 to entry: The films are transferred from the surface (3.2) of a liquid bath onto solid substrates and by
repeated immersions many layers can be deposited. Control of the liquid surface tension during this process
allows the molecular density of the monolayers to be controlled.

5.16

surface contamination
material, generally unwanted, on the sample surjace (3.Z2) which either 1s not characteristi¢ of
that samp%e and any process investigated or has arisen from exposure of the sample to partieplar
environments other than those relevant for the original surface or the process to be studied

Note 1 to erftry: Common surface contaminants are hydrocarbons and water. Local reactions withrthese and the
environmer]t can lead to a wide range of oxidation and other products.

5.17
charge mqdification
alteration ¢f the amount or the distribution of charge at a sample surface (3.2)

5.18
field-induged migration
effect occyrring in insulators where internal electric fields creatéd by ion or electron bombardnpent
cause the rhigration of sample atoms

5.19
bond cleayage

bond scisdion

breakage df a molecular bond

Note 1 to eptry: This breakage can lead to two fragnrents that can be charged or not charged, or to a sihgle
rearranged |product.

Note 2 to enftry: For a- and 3-cleavage, see Reference [8] or [9].

5.20
surfactanf
substance that lowers the interfagial energy of a material in contact with a liquid or the surface engrgy

of that liqu‘[’d

Note 1 to emtry: In practiegythe liquid is usually water or a water-based medium. Emulsifiers, detergents,|and
dispersing dgents are examples of surfactants.

Note 2 to enftry: In many cases, surfactant molecules have a hydrophilic or polar group at one end and a lipophilic
or oleophili¢ groupat the other.

5.21
tethering
process of attaching a molecule to a surface

Note 1 to entry: Molecules can be attached to surfaces by functionalizing the surface, or first adsorbing other
cross-linker (5.22) molecules.

5.22

cross-linker

<adsorption> molecule with appropriate end groups to bond to both molecules adsorbed on a surface
and further molecules which do not adsorb on those adsorbed molecules
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5.23
polymer repeat unit
smallest structure that, repeated many times, describes the molecular structure of the polymer

5.24

dendrimer

molecule comprising a multifunctional core molecule with a dendritic wedge of highly branched
monomers regularly attached to each functional site, leading to a monodisperse, tree-like, or
generational structure

Note 1 to entry: Dendrimer synthesis occurs in polymer chemistry and involves stepwise reactions in which
the [dendrimer is built up one monomer layer, or generation, at a time. The core molecule is referred to as
“gerferation 0”. Each successive repeat unit (5.23) along all branches forms the next generation;)“ggneration 1”,
“gerferation 2”, and so on until the terminating generation.

6 |Terms related to sample preparation

6.1
crofs-sectioning
sanjple preparation in which the sample is cleaved, cut, or polished-in a plane perpendicplar to the
interface (3.1) under stuy, so that associated compositional differepces or gradients can be gbserved in
that plane

6.2
angle lapping
sanjple preparation in which a sample is mechanically polished at an angle to the original sufface (3.2)

Note 1 to entry: See ball catering (6.3) and radial sectioning (6.4).

Note¢ 2 to entry: This angle can often be less than 1%'so that depth information with respect to the original surface
is trpnsformed to lateral information.

6.3
bal| cratering
profedure in which the sample_is abraded by a sphere in order to expose compositional [changes in
laygrs below the original surface(3.2) with the intent that the depth of those layers can be related to the
lateral position in the crater-created by the abrasion

Note 1 to entry: See angle.lapping (6.2) and radial sectioning (6.4).

6.4
radjial sectioning
sanjple prepafation in which a sample is polished by a cylinder in order to expose corhpositional
chapges below the original sample surface (3.2) with the intent that the depth of these layers can be
reldted te.the position on the surface created by the cylinder

Not¢ ¥to entry: See angle lapping (6.2) and ball catering (6.3).

6.5

spin coating

coating of a thin layer of an organic material deposited from solution, under the action of high-speed
rotation, on a flat substrate wetted by that solution

Note 1 to entry: Rotation speeds of about 4 000 r/min are commonly used, producing films generally thinner
than 100 nm.

Note 2 to entry: Some users place a drop of solution in the centre and some flood the whole sample, prior to the
high-speed rotation that removes the solvent.
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7 Terms related to instrumentation

7.1

synchrotron radiation

electromagnetic radiation (photons) with a continuous energy spectrum, created by the acceleration of
electrons in a synchrotron or storage ring

7.2

instrumental background

intensity contribution, generally unwanted, arising from non-ideal behaviour of one or more parts of
the instrument

7.3
internal s¢attering
process in[which some particles strike internal surfaces (3.2) of the spectrometer in such a way that
scattered dqr secondary particles are detected as unwanted intensity in the spectrum

7.4
solid angle of analyser
solid angle|from a point on the sample that transmits particles or photons to the-detector

Note 1 to enftry: See analyser transmission function (7.15).

7.5
optical apgerture
system cor]sisting of a combination of a photon or particle lens and'an aperture in an optical or particle
spectrometer to limit the field of view for signal detection

7.6
selected-area aperture
<XPS, SIM$> aperture in the electron or ion opticalssystem restricting the detected signal to a sinall
area of the[sample surface (3.2)

Note 1 to enftry: See optical aperture (7.5).

7.7
contrast aperture
aperture, ih an ion or electron opticalsystem, designed to reduce unwanted background signal (3.21

L—

Note 1 to enftry: This aperture can.also govern the spatial resolution (10.14) and other properties of the system.

7.8
detector efficiency
fraction ofparticles.or’photons incident on the detector that result in the detected signal

7.9

instrumental'detection efficiency

ratio of th;l quantity of a detected event to the quantity of that event available for measurement
7.10

spectrometer dispersion

analyser dispersion

<energy or mass> quotient of the change in position, Ax, of the dispersed particles at the exit of an
analyser or a spectrometer by the fractional change in particle energy, AE/E, or mass, Am/m

711

spectrometer dispersion

analyser dispersion

<optical> quotient of the change in position, Ax, of the radiation at the exit of the spectrometer by the
change in wavelength, AA
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712
spectrometer étendue

integral of the product of the spectrometer transmission and an element of area of a plane surface (3.2),
normal to the analyser axis passing through the centre of the analysis area (8.49), over that surface

Note 1 to entry: The units of étendue can be sr-m?2-eV, sr-mZ-amu, or sr-m3.

7.13
spectrometer response function

quotient of the number of particles detected with a spectrometer by the number of such particles per
solid angle and per interval of the dispersing parameter available for measurement as a function of the

dispersing parameter

Notg 1 to entry: See spectrometer étendue (7.12).

Note 2 to entry: The dispersing parameter is commonly energy, mass, or wavelength.

Note 3 to entry: The units of the spectrometer response function can be sr-eV, sr-amy,or sr-m.

Not¢ 4 to entry: The spectrometer response function is similar to the spectrometer transmission funct

éterjdue but includes the efficiencies of all other components of the measurementchain, such as detec
electronic processing and recording equipment.

jon (7.15) or
tors and the

Note 5 to entry: For some methods of quantitative analysis (3.8), the enérgy dependence of the respopse function

is rgquired in order to use relative sensitivity factors (12.91). For these cases, a function is determit
proportional to the absolute response function, where the propertionality constant is not necessarilj

quotient of the number-of particles transmitted by the analyser by the number of such pa
solid angle and per interval of the dispersing parameter (e.g. energy, mass, or wavelength) a

ed which is
y important.

iction of a
AES (11.1),

when using

rticles per
ailable for

ance of the

spectrometer, in sr, or a fraction of the 21 solid angle of available space is given. This usage is deprecated, cf. solid

angle of analyser (7.4).

Note 4 to entry: This term is often used incorrectly instead of spectrometer response function, wh
contributions from the detector and the signal-processing system.
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7.16

Faraday cup
detector with a cup-shaped electrode for collection of the electric charge carried by a beam of charged
particles passing into the cup, designed such that emission of charged particles from the detector is

minimized

Note 1 to entry: A Faraday cup is of “black hole” quality if it is open only to charged particles moving from outside
in, but not to charged particles of any type moving from inside out. As a detector for ions in a beam, a Faraday
cup is “ideal” if it combines a black-hole capability with a filter for electrons and secondary ions (20.28) (i.e. the
Faraday cup is open only to forward-moving ions of the beam, but is closed to all electrons and secondary ions
from both inside and outside the cup).

717
dead time

time per piilse for which a pulse-counting system is unavailable for further counting

7.18

non-extended dead time

dead time (
the dead ti

7.19
extended
dead time |
dead time

7.20
multidete
effective d

7.21

7.17) for a system where the pulse lengths are not extended by extra pulses arriving du
e associated with earlier pulses

lead time
7.17) for a system where the pulse lengths are extended by extra pulses arriving during
hissociated with an earlier pulse

Ctor dead time
bad time (7.17) of the whole detector, treating it as a single detector

post-acce

1
post-accel‘F

voltage ap
ions

Note 1 to e
reference z4
Post-acceleq]

7.22
beam blan
electrostat
sample wh|

Note 1 to entry: Seebeam bunching (20.44) and beam chopper (20.48).

ration detector voltage
ration voltage
lied to the front of the detector te:increase the impact energy (8.35) of incident electron|

htry: Voltages are often referred to reference points in the instrumental electronics, but here
ro is such that a post-acceleration detector voltage of 5 kV leads to an impact energy of 5 keV,
ation detector voltages-of 5)kV to 20 kV are generally used.

king
ic or electromagnetic process designed to prevent beam particles (8.9) from impacting
en activated

Note 2 to e

[ing

the

S Or

the
etc.

the

htry: For pulsed ion beams (8.8), the beam is usually deflected into a beam collector from w

hich

no particles can reach the sample and where the process of sputtering (9.3) causes minimal effect on nearby
components of the ion optical system.

7.23

chromatic aberration
non-ideal focus of an particle optical system for particles of different energies

7.24

energy acceptance window
range of energies accepted by a spectrometer, leading to a detected signal

26
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7.25

dynamic emittance matching

electron or ion optical method of steering a spectrometer axis to align with the impact area of the
primary beam (8.10) at all points of a raster (8.38) scan on the sample surface (3.2)

7.26

FIB

focussed ion beam system

ion beam (8.8) system used for machining small regions with sub-micron precision

Note 1 to entry: FIB-machined surfaces (3.2) can have an ion-damaged surface that requires removal.

7.2
gas|cluster ion beam
GC
ion peam (8.8) formed of cluster ions (3.44) by ionising condensed clusters of atbms or molecules that
are[gaseous at ambient temperature and pressure

7.2

ligyid-metal ion gun
LMIG
ion jgun utilizing a liquid-metal Taylor cone as the source of the primary ions (20.26)
Not¢ 1 to entry: The Taylor cone generates ion sources of very high brightness. This design enablep the gun to

proyide beam diameters (8.30) in the range 50 nm to 1 pm for ien beam energies (8.33) in the rarjge 5 keV to
30 KeV, the lowest diameters generally being at the higher energies.

7.2
intrinsic linewidth
<inftrument> see resolution of a spectrometer (10:6)

7.3
raw-data file
ungrocessed-data file of information provided by an instrument

Note 1 to entry: For time of flight (20.49) SIMS instruments, this file usually contains the x- and y-coprdinates of
the Jon beam (8.8) raster (8.38) address as well as the recorded flight times and signal intensities sinde these files
are used retrospectively to generate secondary-ion maps (8.57) or spectra from the whole or seledted parts of
the map, or to generate these from all or selected time regions.

8 [Terms relatedto experimental conditions

8.1
angle of incidence

incldence angle

angle between the incident beam and the local or average surface normal

Note T to entry: The particular surface normal, such as the surface normal to an elementary portion of a rough
surface (3.2) or the normal to the average surface plane, shall be specified.

8.2

glancing angle

grazing angle

angle between the incident beam and the average surface plane

Note 1 to entry: The angle of incidence (8.1) and the glancing angle are complementary.
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8.3

grazing incidence

glancing incidence
geometrical arrangement in which the angle of the incident particles or photons is near 90° from the
normal to the sample surface (3.2)

Note 1 to entry: This configuration can result in improved surface sensitivity.

8.4

angle of scattering
scattering angle

angle betw
photon is t

8.5

angle of e
emission
angle betw
surface no

Note1toe
Note 2toe

8.6

grazing ey
glancing e
geometrica

I

reen the direction of the incident particle or photon and the direction that the particl
Favelling after scattering

ission
ngle
een the trajectory of a particle or photon as it leaves a surface (3.2), and‘the local or ave]
'mal

ry: The particular surface normal shall be specified.
ry: The angle of emission is the complement of the take-off angle {8.7).
it

Xit
| arrangement in which the angle of the scattered<(or emitted) particles or photons is 1

90° from the normal to the sample surface (3.2)

Note 1 to en
resolution (]

8.7
take-off al
angle betw
plane

try: This configuration generally results in improved surface sensitivity and can also improve d
0.18).

ngle
een the trajectory of a particle.as it leaves a surface (3.2) and the local or average sur

Note 1 to entry: The particular surface-plane shall be specified.

Note 2 to enftry: The take-off angle’is the complement of the angle of emission (8.5).

Note 3 to enftry: In the past, take-off angle has sometimes been used erroneously to mean angle of emission.

8.8
ion beam

directed fliix (8.18) of charged atoms or molecules

e Or

age

ear

epth

face

8.9

beam particle
electron, positron, ion, atomic, molecular, or cluster species contained in the incident beam

8.10
primaryb

eam

directed flux (8.18) of particles or photons incident on a sample

28

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=de72cc9827d48ba7c7e0f13f40ef795a

ISO 18115-1:2023(E)

8.11

beam current

I

quotient of dQ by dt, where dQ is the quantity of electric charge of a specified polarity in the beam
passing in the time interval d¢

[=dQ/dt

Note 1 to entry: See pulse beam current (8.15) and average beam current (8.12).

e e AHRS—H € e—€ rEratte A—EH he-Hstantaieous-and-tire-averaged beam
curfents generally differ. n can be equal or not€qupl to the DC,

average beam current
quottient of Q by t, where Q is the quantity of electric charge of a specified polarity in the begm passing
in the time interval ¢

Note 1 to entry: For beams in which the instantaneous current varies periodically with time, the time interval ¢
is afp integral number of periods.

8.18
bedm current density

J

<for a parallel beam of charged particles> quotient of diby'dA, where dI is the element of bgam current
(8.1[1) incident on an area dA at right angles to the direction of the beam

J=dI/dA

Note 1 to entry: See fluence (8.16), flux (8.18), afid dose (8.20).

Note 2 to entry: For a convergent or divergent beam, the area d4 is replaced by a small sphere of cross-sectional
aregq dA.

8.14
integrated beam current
totdl electric charge transported in the beam over a specified time

8.15
pulse beam current
quotient of Q by, wWhere Q is the quantity of electric charge of a specified polarity in the bepm passing
durfng the period)tp in which the pulse is on

8.16
flu¢nce
F
<for a parallel beam of particles> quotient of dN by dA, where dN is the number of particles of a specified
type incident on an area dA at right angles to the direction of the beam:

F=dN/dA

Note 1 to entry: For a scanned parallel beam, the fluence can be referred to the laboratory coordinate system or
to the scanned beam's own moving coordinate system. The latter generally gives the higher value. The usage of
fluence in these situations requires a clear statement of the coordinate system being used.

Note 2 to entry: In some texts, the term fluence is used for areic dose (8.20). This is incorrect and has led to
confusion. See Note 2 to entry in 8.20.

Note 3 to entry: See also flux density (8.19).
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8.17

fluence

F

<for particles moving in many directions> quotient of dN by d4, where dN is the number of particles of
a specified type incident on a sphere of cross-sectional area dA

8.18
flux
@

<for a beam of particles> quotient of dN by d¢t, where dN is the number of particles of a specified type
passing in the time interval d¢t

@ =dN/dt

Note 1 to enftry: See also flux density (8.19).

8.19
flux density
fluence rafe
<for a bearp of particles> quotient of dN by dt and d4, where dN is the number®f particles of a specified
type incidgnt on a sphere of cross-sectional area dA passing in the time intérval d¢

8.20
areic dose
dose
D

quotient of dN by dA4, where dN is the number of energetic particles of a specified type introduced |nto
a solid thrgugh a surface area dA:

D=dN|/dA
Note 1 to erftry: The energetic particles are atoms 0r'atom clusters, which can be electrically charged or neufral,
and the surface area d4 is the geometric surface area.

Note 2 to enftry: For a stationary parallel beam, the areic dose equals the fluence (8.16) times cos6, where 0 i§ the
angle of inciflence (8.1) of the beam to the surface normal.

widespread| The term dose has begn defined very differently in the fields of radiation and the medical scierjces.
The total qlantity of particlezadiation impacting the surface (3.2) has been taken by some to be dose, and the
quotient of the quantity by‘he area of the surface to be dose by others. Here, dose is taken to be the latter. [Pose
density and|dose, where thiey occur, are to be understood as the areic dose.

Note 3 to er:[ry: In some texts, the téym dose density is used, but the term dose more correctly areic dose) is more

Note 4 to enftry: For adiscussion of areic dose in relation to ion-implanted reference materials (5.1), see Refer¢nce
[10].

8.21
areic dose rate

G

quotient of dD by d¢t, where dD is the areic dose (8.20) introduced into a solid in time interval d¢:

G=dD/dt

Note 1 to entry: For a stationary parallel beam, the areic dose rate equals the flux (8.18) times cosf, where 6 is
the angle of incidence (8.1) of the beam.
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8.22

implanted areic dose

Dimp

quotient of dN;,,, by dA, where dN;,, is the number of energetic particles of a specified type incident on
a solid within a surface area dA4 and stopped within the solid:

Note 1 to entry: Particles which are not stopped within the solid are either backscattered or transmitted.

8.23
nominal areic dose
Dno 10

arelc dose (8.20), as measured by an approximating procedure

Note 1 to entry: Typically, D, for a beam of charged particles is derived by forming thé.quotient of|the particle
equjvalent of the current integral over time and the surface area over which the heam is scanned with lateral
unitErmity. Hence, D, ., is generally an approximate average measure of D.

8.2
non-implanted areic dose
arelc dose (8.20) representing the fraction of the received areic dosé.[8.25) not trapped in thg sample

Note¢ 1 to entry: The sum of the implanted areic dose (8.22) and themon-implanted areic dose equals the received
areic dose.

8.2p

recpived areic dose

Dre

quotient of dN,... by dA4, where dN, is the number of energetic particles of a specified type |ncident on

a sdlid within a surface area dA:

Dyec :dNrec /d-A

8.2p

retained areic dose

Dret

quotient of dN . by dA4, where dN,. is the number of energetic particles of a specified type irjcident on a

solid within a surface area dA which are stopped within the solid and remain therein:

D et :dNret /dA

Not¢ 1 to entry: Particles which are stopped within the solid but do not remain therein can be eith¢r thermally
evaporated er re-emitted by sputter erosion of the solid.

Note 2-to entry: The retained areic dose is a fractional quantity of the implanted areic dose (8.22).

8.27

sputtered areic dose

areic dose (8.20) representing the fraction of the implanted areic dose (8.22) lost from the sample by
sputtering (9.3)

Note 1 to entry: The sputtered areic dose is a fractional quantity of the implanted areic dose.

8.28

damage limit

particle areic dose (8.20) above which significant changes in the spectrum or in a stated peak, arising
from damage processes, are observed

Note 1 to entry: See static limit (20.57).
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8.29
beam profile
spatial distribution of the beam flux (8.18) in a plane normal to the beam axis

8.30
beam diameter

<for a particle beam of circular cross section> full width of the beam at half maximum flux density
(8.19)

Note 1 to entry: The beam diameter is usually specified at a given point in space, such as the position of the
sample.

8.31
beam divdrgence angle
angular inferval containing all or a specified fraction of the beam in the space after the fogal plane

Note 1 to enftry: See beam convergence angle (8.32).

Note 2 to enptry: Where the beam is symmetrical, the full or semi-angle can be used. The\particular measufe of
angle shall e stated.

8.32
beam conyergence angle
angular inferval containing all or a specified fraction of the beam in-the space prior to or at the fpcal
plane

Note 1 to enftry: See beam divergence angle (8.31).

Note 2 to efjtry: Where the beam is symmetrical, the full or senii-angle can be used. The particular measufe of
angle shall e stated.

8.33
beam energy
kinetic enefgy (3.35) of the beam particles (8.9)

Note 1 to enftry: See impact energy (8.35) and incident particle energy (8.34).
Note 2 to entry: The energy is usually givenin electron volts.

Note 3 to erjtry: The beam energy jis often taken to be the particle energy on impact at the sample surface (B.2).
However, where a sample is at apotential other than ground, the impact energy of the particles can differ from
the beam erjergy as delivered, by an electron or ion gun to the sample environment. In this case, use of the erm
impact enerjgy avoids confusion.

8.34
incident pprticle €nergy
kinetic enefgy (3.35) of a particle incident on the sample surface (3.2)

Note 1 to enftryySee beam energy (8.33) and impact energy (8.35).

Note 2 to entry: The incident energy can also be expressed per atom for an incident atomic cluster; however, to
avoid confusion, the phrase “per atom” should then be used.

8.35
impact energy
kinetic energy (3.35) of the particles on impact with the sample surface (3.2)

Note 1 to entry: See beam energy (8.33) and incident particle energy (8.34).

Note 2 to entry: For primary-ion beams (8.10) in SIMS (19.1), the ion impact energy is given by the difference in
electric potential between the ion source and the sample surface multiplied by the charge on the ion.

Note 3 to entry: Use of the qualifier “impact” indicates that this is the energy of the particles striking the surface.
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8.36
impact energy per ion
kinetic energy (3.35) of the beam particles (8.9) on impact

Note 1 to entry: See impact energy (8.35).

8.37
ion implantation
injection of ions into a sample

8.38
rasfer
twd-dimensional pattern generated by the deflection of a primary beam (8.10)

Not¢ 1 to entry: Commonly used rasters cover square or rectangular areas.

8.3p
rar1dom raster
digital raster (8.38) array in which the coordinates of sequential ion pulses‘filling a frame are random

Note 1 to entry: The coordinates can be addressed in the same “random” sequerice in each frame.

Note 2 to entry: A random raster, as opposed to a traditional or saw-tooth raster, can be used fgr analysing
insylating samples to reduce the instantaneous accumulation of chargé in any local region.

8.4p
energy per channel
enefgy difference between successive spectral channels

8.4
sample bias
potential applied to the whole or part of the sample, referenced to the potential of the samplg¢ holder

Note 1 to entry: See sample voltage (8.43).

8.42
sample charging
chapge in the electrical potential in the sample or on the sample surface (3.2) caused by [particle or
photon bombardment

8.48
sample voltage
voltfage of the saniple referenced to ground

Note 1 to entpys, See sample bias (8.41).

Notg 2 toentry: The sample voltage can be pulsed or constant, depending on the type of instrument.

Not¢ 3.to entry: For insulators, the sample voltage is assumed to be the same as that of the sample|holder if an
effective charge neutralizing (8.45) device is used.

8.44
charging potential
electrical potential of the surface region of an insulating sample, caused by irradiation

Note 1 to entry: Different charging potentials can occur on different areas or at different depths in a sample,
arising from sample inhomogeneities or non-uniform intensity of the incident flux (8.18) of radiation.

Note 2 to entry: The surface and bulk potentials can differ, for example as a result of band bending, interface (3.1)
dipoles and charge centres.
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8.45

charge neutralization

maintenance at a fixed potential, usually near neutrality, of the surface (3.2) of a non-conducting or
poorly conducting sample material under bombardment by primary particles or photons

Note 1 to entry: Charge neutralization can be accomplished by bombarding the surface with electrons or, more
rarely, ions or photons.

8.46
electron flooding

irradiation of a sample with low-energy electrons in order to change or stabilize the charging potential
(8.44)

8.47
analysis vplume
<spectromleter> three-dimensional region within the spectrometer from which the entire analyfical
signal or aspecified percentage of that signal can be detected

8.48
analysis vplume
<sample> three-dimensional region of a sample from which the entire analysis signal or a specified
percentagd of that signal is detected

8.49
analysis area
<spectromleter> two-dimensional region of a sample surface (3.2)-at the analytical point but set in|the
plane at right angles to the spectrometer axis from which the“entire analytical signal or a specified
percentagd of that signal is detected

8.50
informatign area
area of a rdgion in the plane of the surface (3.2) frem which useful information is obtained

Note 1 to enptry: The information area can be identified with the minimum surface area from which a specfified
percentage [e.g. 95 % or 99 %) of the detected Signal originates.

Note 2 to erjtry: The information area caiibe determined from a measured, calculated, or estimated measufe of
the signal inftensity (3.17) as a functiop-of position on the sample surface.

8.51
informati¢n radius
maximum fadius of a circular region, in the plane of the surface (3.2), from which useful informatidn is
obtained

Note 1 to enftry: Thisdefinition is useful only for surface analyses of a homogeneous sample and for either nofmal
incidence of the primary beam (8.10) or normal detection of the signal particles, in which it is expected thaf the
signal intengity/3.17) as a function of position on the surface depends only on the radial distance from the axjis of
symmetry. |f these conditions are not met, it is more appropriate to make use of the information area (8.50).

Note 2 to entry: The information radius can be identified with the radius within which a specified percentage
(e.g. 95 % or 99 %) of the detected signal originates.

Note 3 to entry: The information radius can be determined from a measured, calculated, or estimated measure of
the signal intensity as a function of radius.

8.52

sample area viewed by the analyser

two-dimensional region of a sample surface (3.2), measured in the plane of that surface, from which the
analyser can collect an analytical signal from the sample or a specified percentage of that signal
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8.53
gated area
defined area within a larger area from which the signal can be obtained

Note 1 to entry: The defined area is often in the central region of a crater and can be defined by an optical aperture
(7.5), an electronic gate (8.55) or a digital gate (8.54).

8.54

digital gate
system allowing the data associated with any selected group of map (8.57) pixels to be summed to
produce cumulative data from any desired area

8.5
ele
Sys
sca
sele

8.5
ling
plof
det

D
‘tronic gate

em consisting of a counter or detector which is enabled or disabled by signals/froni
ning system so that counts (3.18) only accumulate when the primary beam¢(8.10) is in
cted part of the mapped area

-

D
scan

the beam
rident on a

of the output signal intensity (3.17) from the spectrometer, the/signal intensity frgm another

ector, or processed intensity information from the available software along a line corres

a line on the sample surface (3.2)

Not

e 1 to entry: The line is most often an x- or y-linescan frém a rectangular raster (8.38) b

sophisticated systems, may be in any arbitrary direction.

8.5
ma
twd
poil
tot

Not
opti

Not
by u

Not
sign

/
D
- or three-dimensional representation of the‘sample surface (3.2) where the informat

ponding to

ut, in more

on at each

1t in the representation, given by a brightnéss or colour or as a length in a third dimension, is related

he output signal from a detector or processed intensity information from the available sc

e 1 to entry: By convention, the ternisimage is usually applied to cases where the information
cal. An exception is the term ion imqge (20.63) used in mass spectrometry.

P 2 to entry: Maps are usually formed either by using a rectangular raster (8.38) of the primary be
sing an imaging detection.system.

b 3 to entry: Map intensities can be presented in a normalized fashion to have the maximum an
al intensities set at farexample, full white and full black, respectively, or on a colour scale. The cd

sho

8.5
ch

Id be defined.

ical map

map (8.57)using signals proportional to the quantity of an element in a particular chemical st
in the sample

ftware

s primarily
om (8.10) or
d minimum

ntrast scale

ate (12.23)

8.59

elemental map
map (8.57) using signals proportional to the quantity of an element present in the sample

8.60
topographic contrast
contrast in a map (8.57) or ion image (20.63) arising from the topography of the sample surface (3.2)

Note 1 to entry: Topographic effects can modify the interaction between the primary beam (8.10) and the sample,
making the interpretation of electron or ion yield data more complex than otherwise.

Note 2 to entry: Topographic contrast can change after ion sputtering (9.3).
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9 Terms related to sputter depth profiling

9.1
sputter depth profile
SDP

compositional depth profile (3.33) obtained when the surface composition is measured as material is

removed by sputtering (9.3)

Note 1 to entry: In some analytical methods such as SIMS (19.1), the sputtering is often accomplished by the
beam (8.8) used for analysis, but in other methods an ion beam is required.

9.2
ultra-shallow depth profile
<SIMS> depth profile (3.32) for which the depth over which significant changes occur is less than 10

9.3
sputterin
process in which atoms and ions are ejected from the sample as a result of particle bembardment

9.4
collision chscade

ion

nm

sequential lenergy transfer between atoms in a solid as a result of bombardinent by an energetic spegies

Note 1 to enftry: See atomic mixing (9.9), cascade mixing (9.11), and knock-on{(9.12).

9.5
linear cas¢ade

linear collision cascade

dilute colligion cascade (9.4) in which the number of atoms.sét in motion by an energetic primary part
is proportipnal to the amount of recoil energy deposited;in the material

Note 1 to enftry: See spike (9.6) and thermal spike (9.7).

Note 2 to eptry: The sputtering (9.3) of solids by(htonatomic primary ions (20.26) in the energy range bg
20 keV, usuglly used for surface analysis, is oftén assumed to be described by a linear collision cascade.

9.6
spike
<SIMS, spuftering> limited region in/space and time within which the majority of atoms in an irradis
material atfe in rapid motion

Note 1 to enftry: See thermalspike (9.7).

Note 2 to enptry: The termi\spike is usually applied to the region generated by a single primary particle. In
(19.1), this primary particle can often be a cluster ion (3.44).

thermal spike
<SIMS, sp i
process

Note 1 to entry: Other processes proposed to generate spikes are pressure and shock waves.

9.8
ion beam induced mass transport
movement of atoms in a sample caused by ion bombardment

9.9
atomic mixing
migration of sample atoms due to energy transferred into the surface region from incident particles

Note 1 to entry: See cascade mixing (9.11), collision cascade (9.4), and knock-on (9.12).

icle

—

ow

ted

FIMS

ting
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9.10
zone of mixing
layer of the sample surface (3.2) within which the primary beam (8.10) causes atomic mixing (9.9)

Note 1 to entry: See collision cascade (9.4).

9.11

cascade mixing
diffusion-like process in which atoms of material are moved randomly by energy deposited by incident
particles slowing down in the sample surface region

Not

e 1 10 entry: See atomic mixing (7.7], collision cascade (J.4) and KNOcCK-on (J.14].

e 2 to entry: If atomic mixing and knock-on effects are not significant, the measured spltter

9.1) of a delta layer (5.12) is asymmetric on account of cascade mixing since the surface (32) mo

sample as it is sputtered. The initial internal profile produced is Gaussian, however, until sign
erial has been lost through the sample surface.

3 to entry: If cascade mixing is the only significant mixing process, the centroid©f the measured
at the true delta position (after any shift in the depth scale arising frompre-equilibrium effed
ected).

4 to entry: In the dilute limit (20.15), the measured depth profile (3.32)\for the delta layer has an
because any internal atom has an equal probability of being movéd deeper or shallower and the
finitely persistent but decaying concentration in the near-surface region. The presence of this tai

he belief that there is a directional knock-on process at work.True knock-on effects have rarely

lepth profile
es through
ficant delta

distribution
ts has been

exponential
e is thus an
| often leads
if ever been

ons with a

oms (in the
l movement

h the same

L prior to a

maximum

Note 1 to entry: This term is mainly used in the SIMS depth profiling (3.34) of delta layers (5.12). It is also used in
AES (11.1) and XPS sputter depth profiles (9.1).

9.15

trailing edge decay length

value of the decay length (4.31) for a decreasing signal intensity (3.17) as a function of depth following a
maximum

Note 1 to entry: This term is mainly used in the SIMS depth profiling (3.34) of delta layers (5.12). It is also used in
AES (11.1) and XPS sputter depth profiles (9.1).
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9.16

cooperative uplifting

collective motion (9.13) of atoms or molecules under an atom or molecule at a surface (3.2), causing its
desorption

9.17

altered layer

<particle bombardment> surface region of a material under particle bombardment where the chemical
state (12.23) or physical structure is modified by the effects of the bombardment

Note 1 to entry: The depth resolution (10.18) in SIMS (19.1) can be greater or smaller than the altered-layer
thickness, depending on the analyte (3.4) and bombarding-ion species (3.36).

9.18

erosion rate
<surface> guotient of the change in the position of the surface (3.2) as a result of particle or phaton
irradiation by the time of irradiation

Note 1 to enftry: See sputtering rate (9.19).

Note 2 to eptry: The erosion rate can be deduced from surface profilometer meastrements of a crater gfter
analysis. In fhis case, the effects of the altered layer (9.17) and post-profile oxidation can affect the measurenjent.

Note 3 to emtry: Where the erosion is caused by sputtering (9.3), initially thé&.erosion rate can be less thar| the
sputtering rate as a result of the retention of sputtering particles.

Note 4 to enftry: The rate can be measured as a velocity.

9.19
sputtering rate
quotient ofl the amount of sample material removed, as@result of particle bombardment, by time

Note 1 to enftry: See erosion rate (9.18).

Note 2 to enfry: The rate can be measured as a veloeity, a mass per unit area per unit time, or some other meagure
of quantity per unit time.

9.20
relative sputtering rate
quotient of{the sputtering rate (919} of a sample and the sputtering rate of a reference sample sputtdred
under the §ame conditions

9.21
crater depth
average depth of the-region of a crater from which the measured signal is derived

Note 1 to entry; The crater is generally formed by ion bombardment in sputter depth profiling (9.1) and, in|this
case, can bg different from the thickness of sample material removed by sputtering (9.3) due to dilation of the
altered layep (9A7).

Note 2 to entry: The crater depth can be modified by the formation of a reacted layer (e.g. an oxide) following any
exposure to the atmosphere or other environments necessary when conducting the crater depth measurement.

9.22

crater edge effect

occurrence of signals from the crater edge which often originate from depths shallower than the central
region of the crater formed in sputter depth profiling (9.1)
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9.23
volume yield

rati

o of the total volume sputtered from a sample to the total number of incident particles

Note 1 to entry: See fractional ion yield (20.13), fractional sputtering yield (20.5), negative-ion yield (20.10), partial
ion yield (20.12), partial sputtering yield (20.6), and positive-ion yield (20.11).

Note 2 to entry: The volume yield is useful for expressing the amount sputtered in organic layers where molecules
can be easily fragmented and values of the molecular sputtering yield (20.4) can be much more variable between
samples than the volume yield.

9.2

enh
Kn,l
<SI

ato

Not
fron

9.2

eqy
sted
var

9.2
pre
cha

lancement factor

MS, sputtering> ratio of the ion or neutral sputtering yield (20.4) using a primary~ion ¢

simfilar atoms to n times the ion or neutral sputtering yield using a primary ion (20.26) of o
Jln p gy gap Y 2V.26

s where the primary-ion energy per atom is the same in each case

h a cluster source is greater than the yield that would be predicted for a linéar collision cascade (9

D
ilibrium surface composition sputtering

ying conditions

b
ferential sputtering

hge in the equilibrium surface composition of ‘the sample which can occur when sput

multicomponent samples

9.2

/

steady state sputtering

<AR
par

Not

Not
laye]
stug

9.2
sto
<AR
con

Not

S, GDS, SIMS> state of the sputterifig (9.3) process in which important operational and
hmeters are unchanging over a meaningful timescale

e 1 to entry: See stoichiometriessputtering (9.28).

e 2 to entry: Generally, steady state and stoichiometric sputtering are equivalent but, in profiling
s (5.12) in semiconductors, for example, the sputtering can be at a steady state while the constit
ied are not being sptittered in their stoichiometric ratio.

B
chiometric sputtering

S, GDS, SIMS> state of the sputtering (9.3) process in which the relative amounts of thg
ponerits'sputtered from a sample are equal to their stoichiometry within the sample

luster of n
he of those

e 1 to entry: An enhancement factor greater than unity in SIMS (19.1) is usuallyused to show that the yield

5).

dy state surface composition produced by sputtering (9:3) a homogeneous sample finder non-

ering (9.3)

analytical

dilute delta
uents being

elemental

e Cto'entry: See steady state sputtering (9.27).

Note 2 to entry: For most homogeneous materials, stoichiometric sputtering is attained after the sputter removal

ofa

few nanometres from the surface.

9.29
redeposition

dep

©IS

osition of sputtered sample material back onto the sample surface (3.2)
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10 Term
10.1

s related to resolution

resolution
quantity which describes the minimum distinguishable separation between features or regions in
measurand (3.3) space

Note 1 to entry: In practice, many different resolution criteria are used. The choice depends on the measurand,

the circums

tances and the required use of the measure.

Note 2 to entry: Where necessary, resolution should be specified by the input measurand or resolution criterion

as adjectivd
resolution (]
it is recomn
resolution’.

hended that the resolution criterion is listed first, e.g. ‘FWHM energy resolution’ and ‘1288 d

Note 3 to enftry: Resolution has the same dimensions as the measurand.

10.2
resolution
normalised

function

width of the
shape, then
step, or edg

Note 2 to en

a feature with a single measurand value

try: For direct measurement of a resolution function the feature{should be much smaller than
resolution function. If the feature is larger than the width of the'resolution function, but has a kn
the resolution function may be determined through a deconvolution procedure. It is common to U
e, to obtain a representation of the cumulative resolution funstion (10.3).

try: If there is more than one simultaneous input me¢asurand, for example in a lateral or volume

| output signal distribution as a function of variable input measusand (3.3) values which

arises fron.[
Note 1 to e

the
bwn
sea

map

(8.57), or anp energy and angle resolving spectrometer, then the feature is a point in the multi-dimensional ifput

measurand

Note 3 to

measurand$.

Note 4 to en
and to redu

Note 5 to en
function din

10.3
cumulativj
normaliseq

Note 1 to er

space.

entry: The resolution function may change with the absolute value of the input measuran

try: The signal may be processed, §moothed or fitted to correct for background signal, non-lineg
Ce noise (3.19) before the resolution function is extracted.

ectly.
e resolution function

| integral of aone-dimensional resolution function (10.2) over the input measurand (3.3) v

try: It is€ommon to use a step, or edge, to obtain an experimental representation of the cumula

resolution flunction;=Fhe signal may be processed, smoothed or fitted to correct for background signal,

linearity an

d reduce noise (3.19) before the cumulative resolution function is extracted.

104

l or

rity

try: In mass spectrometry, the peak shape of a single ion species (3.36) provides the mass resolution

hlue

tive
hon-

relative resolution
ratio of resolution (10.1) at a specified measurand (3.3) value to that measurand value

10.5

resolving power
ratio of a specified measurand (3.3) value to the resolution (10.1) at that measurand value

40
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10.6
resolution of a spectrometer
spectrometer resolution

<angle, energy, frequency, mass, time, velocity, wavelength, wavenumber> contribution of the

spectrometer to the measured resolution (10.1)

Note 1 to entry: See relative resolution of a spectrometer (10.7) and resolving power of a spectrometer (10.8).

Note 2 to entry: It can be convenient to specify the energy resolution (10.24) of an electron spectrometer (12.58),
the mass resolution (10.25) of a mass spectrometer, or the wavelength resolution of an optical spectrometer.

Not T >
knojpvn width, usually chosen to be as narrow as possible.

Not¢ 4 to entry: Designs of spectrometer generally maintain the resolution either to be constant thr
spe¢trum or to be proportional to the energy, mass, or wavelength being scanned. For the fermer, t}
(10.) is a useful term whereas, for the latter, the relative resolution (10.4) and resolving power (10,

gle, energy, frequency, mass, time, velocity, wavelength, wavenuniber> ratio of the res
rtrometer (10.6) at a specified measurand (3.3) value to that me@surand value

e 1 to entry: See resolving power of a spectrometer (10.8).

Not
spe

e 2 to entry: The relative resolution (10.4) of a spectrometer is the reciprocal of the resolving
trometer.

Not
(12
opti

e 3 to entry: It can be convenient to specify the relative energy resolution (10.24) of an electron s
H8), the relative mass resolution (10.25) of a mas§-spectrometer, or the relative wavelength resd
cal spectrometer.

Not

emifsion line of known width, usually chesén to be as narrow as possible.

Not
the
resd

e 5 to entry: Designs of spectrometer generally maintain the resolution either to be constant
Kpectrum or to be proportional\to the energy, mass, or wavelength being scanned. For the form
lution is useful whereas, for the latter, the relative resolution or resolving power (10.5) is more us

Notg 6 to entry: The relative resolution is often expressed as a percentage.

10.8
resplving power‘of a spectrometer

<angle, energy;frequency, mass, time, velocity, wavelength, wavenumber> ratio of a specified
(3.9) value t6 the resolution of a spectrometer (10.6) at that measurand value

Note 1 to enitry: See relative resolution of a spectrometer (10.7).

fission line of

pughout the
e resolution
b) are more

plution of a

power of a

pectrometer
lution of an

e 4 to entry: In practice, the relative resolution of a spectrometer can be deduced using a source with an

throughout
er, the term
eful.

measurand

Not

b 210 entrv: The resalving nower (10 5) of a2 spectrometer is the recinrocal of the relative re
I’ Jd T —7 r r

olution of a

spectrometer.

Note 3 to entry: It can be convenient to specify the energy-resolving power of an electron spectrometer (12.58),
the mass-resolving power of a mass spectrometer, or the wavelength-resolving power of an optical spectrometer.

Note 4 to entry: In practice, the spectrometer resolving power can be deduced using a source with an emission
line of known width, usually chosen to be as narrow as possible.

Note 5 to entry: Designs of spectrometer generally maintain the resolution (10.1) either to be constant throughout
the spectrum or to be proportional to the energy, mass, or wavelength being scanned. For the former, the
resolution is a useful term whereas, for the latter, the relative resolution (10.4) and resolving power are more
useful.
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10.9

FWHM resolution
resolution (10.1) expressed as the full width of a resolution function (10.2) at 50 % of its maximum value

Note 1 to entry: This is a commonly-used resolution criterion. It is approximately 2.355 times the standard
deviation of a Gaussian resolution function.

10.10

X % peak width resolution
resolution (10.1) expressed as the full width of a resolution function (10.2) at X % of its maximum value

Note 1 to er
the most frg

Ty TS TESOIUtion CriteT o 1S USed T ITasS SPECITOMEtTy: T e vatue of X siattbespecified; X =
quently used value.

Note 2 to enftry: see peak width (3.28).

10.11

12/88 res
resolution |
resolution |

Note 1 to e
(10.24). It i
resolution f3

10.12

16/84 res
resolution |
resolution |

Note 1 to e
(10.17). It s

10.13

20/80 res
resolution |
resolution |

Note 1 to €
approximat

10.14

spatial res
length whi
or topogra

plution
10.1) expressed as the distance between the 12 % and 88 % intensity points in a cumuld
unction (10.3) obtained across a well-defined edge or step

htry: This resolution criterion is frequently used for depth resolution (10.18) and energy resold
5 equivalent to the FWHM, or approximately 2,355 times, the standard deviation of a Gaus
nction (10.2).

plution
10.1) expressed as the distance between the 16 %and 84 % intensity points in a cumuld
unction (10.3) obtained across a well-defined edge'or step

htry: This resolution criterion is frequently uséd for depth resolution (10.18) and lateral resolu
equivalent to twice the standard deviation of-a Gaussian resolution function (10.2).

blution
10.1) expressed as the distance between the 20 % and 80 % intensity points in a cumula
unction (10.3) obtained acro§s a well-defined edge or step

ntry: This resolution criterjon is frequently used for lateral resolution (10.17). It is equivaler
bly 1.68 times the standard deviation of a Gaussian resolution function (10.2).

olution
ch describes‘the minimum distinguishable distance between features or areas in a chemn
phic map8¢(57) or line scan (8.56) in a specified direction

Note 1 to enftry: ,Depth resolution (10.18) and lateral resolution (10.17) are specific types of spatial resolution

0is

tive

tion
Kian

tive

tion

tive

ical

10.15

useful spatial resolution
<SIMS> spatial resolution (10.14) obtained in practice

Note 1 to entry: The spatial resolution of a map (8.57) is poorer than the primary-ion beam diameter (8.30) as a
result of either the requirement to maintain the damage level below a limit set by the integrity of the data or the
requirement to record sufficient signal when the sample is being consumed during analysis.

10.16

observed interface width
<AES, XPS, SIMS> distance over which a 16 % to 84 %, or 84 % to 16 %, change in signal intensity (3.17)
is measured at the junction of two dissimilar matrices, the thicknesses of which are more than six times
that distance

Note 1 to entry: The change in signal intensity should be quoted with the observed interface width.
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Note 2 to entry: The observed interface width includes contributions from the sample such as interfacial

roughness, mixing or diffusion as well as contributions from instrument resolution.

10.17

lateral resolution

length which describes the minimum distinguishable distance between features or areas in
or topographic map (8.57) or line scan (8.56) in the plane of the sample surface (3.2)

Note 1 to entry: See also resolution (10.1), point spread function (10.21), line spread function (10.23),
function (10.22) and spatial resolution (10.14).

betyeen the 12/88 resolution (10.11) in a lateral profile (3.31) across a well-defined materiat-edge
valyes are equivalent for a Gaussian resolution function (10.2). For other resolution functions, of
may] be more appropriate. For a step function, the distance between the 20/80 resolution(10.13)
resdlution (10.12) in a lateral profile is also used.

Not¢ 3 to entry: The direction in the lateral plane should be stated. For a radially symmetric
inciglence angle (8.1) X°, lateral resolution in the azimuthal direction of the beam.is a factor sec(X) lar,
ortHogonal lateral resolution.

Not¢ 4 to entry: Lateral resolution should not be confused with the step size (3.13), pixel pitch or pix

depth resolution
qualntity which describes the minimum distinguishable depth between chemical features of
a difrection normal to the sample surface

Note 1 to entry: See also resolution (10.1) and spatial-resolution (10.14).

Not
inte
defi

e 2 to entry: In practice, the depth resolution can be realized as the FWHM resolution (10.9), in d
hsity distribution for a delta layer (5.12) orthe 16/84 resolution (10.12) in a depth profile (3.32) a
hed sharp interface (3.1). Other measurés may be used depending upon requirements.

10.
ins
con|

|9
'rumental depth resolution
Lribution to depth resolution (10.18) arising from parameters of the instrument

Note 1 to entry: In MEIS (17.3)'and RBS (17.4) this arises from the energy resolution (10.24) of the spe

Not
ion §pecies (3.36), energy, and angle of incidence (8.1) as well as the option to rotate the sample whil
(9.3).

10.
depth resolution parameter
parpmeter which can be used as a coefficient in an analytic fit to a measured compositional d

3 o lo | e £ ilai ot £31
) JJ Ul d HUQIILG\JVC VVCl_y Ul UCTOU1 lUlllS LIIdat Pl UITIC

A\

EXAMPLE
for any bell-shaped resolution function and decay length (4.31) for an exponentially increasing or
region of the resolution function.

Note 1 to entry: See depth resolution (10.18).

a chemical

edge spread

he intensity
he distance

These two
her criteria
r the 16/84

beam with
ber than the

] density of

regions in

epth, of the
ross a well-

Ctrometer.

e 2 to entry: In sputter depth profiling (9.1), these parameters involve the system alignment and car include the

e sputtering

epth profile

Standard deviation for a Gaussian resolution function (10.2), full width at half maximum intensity

decreasing

Note 2 to entry: Standard deviations can be used for any bell-shaped curve. If parameters are measured for a

step change in composition, care shall be taken that the depth range for the measurements is larg
ensure that the signal becomes constant with depth on either side of the step.

Note 3 to entry: Parameter definitions should be used consistently.

© IS0 2023 - All rights reserved

e enough to

43


https://standardsiso.com/api/?name=de72cc9827d48ba7c7e0f13f40ef795a

ISO 18115-1:2023(E)

10.21

point spread function

PSF

normalised distribution of signal intensity (3.17) in a chemical mapping (8.58) system resulting from a
well-defined point feature

Note 1 to entry: For direct measurement of a PSF the feature should be much smaller than the width of the PSF. If
the feature is larger than the width of the PSF, but has a known shape, then the resolution function (10.2) may be
determined through a deconvolution procedure. The signal may be processed, smoothed or fitted to correct for

background signal, non-linearity and reduce noise (3.19) before the resolution function is extracted.

Note2toe

10.22
edge spre
ESF
normalise
well-defing

Note 1 to en
to selectaty
or fitted to

Note 2 to €
function (10

10.23

line sprea
LSF
normalise
well-defing

hd function

d edge in a direction orthogonal to that edge

try: To obtain an experimental representation of the ESF, it is usual to acquire several traces in o
ace that exhibits no structure or peaks within the range used. The signal imay be processed, smoot
orrect for background signal, non-linearity and reduce noise (3.19) béfore the ESF is extracted.

htry: See also point spread function (10.21), line spread function{(10.23) and cumulative resolu
.3).

d function

d thin line in a direction orthogonal to thatlihe

Note 1 to enftry: To obtain an experimental representation of the LSF, it is usual to acquire several traces in o

to selectaty
or fitted to

ace that exhibits no structure or peaks within the range used. The signal may be processed, smoof
orrect for background signal, non-}Jifiearity and reduce noise (3.19) before the LSF is extracted.

Note 2 to enftry: See also point spread function (10.21).

10.24

energy resolution

quantity
an energy

Note 1 to

monochromn
the spectru
equivalent f
more appro

ich describes the minimum distinguishable energy separation between peaks or region
spectrum

entry: In prdetice, energy resolution (10.1) can be realized as the FWHM resolution (10.9)
atic particle(beam or the distance between the 12/88 resolution (10.11) in a scan across a pa
In containing a well-defined step function, such as the Ag Fermi edge in XPS. These two values
or a Gaussian resolution function (10.2). For other instruments and systems, other criteria ma
priate.

| distribution of signal intensity (3.17) in a chemical mapping (8.58) system/resulting from a

Fder
hed

tion

| distribution of signal intensity (3.17) in a chemical mapping (8.58) system resulting from a

Fder
hed

bf a
't of
are
y be

10.25

mass resolution

quantity which describes the minimum distinguishable m/z (20.1) separation between peaks in a mass
spectrum (20.58) or the minimum distinguishable mass separation between signals in an ion scattering
spectrum (18.23)

Note 1 to entry: In practice, mass resolution (10.1) in a mass spectrum can be realized as the FWHM resolution
(10.9) of a peak from a single ion species (3.36). The 10 % peak width resolution (10.10) or other criteria are also
used. The criterion used should be stated.

Note 2 to entry: The IUPAC definition of mass resolution[ll in a mass spectrum is equivalent to the ISO and
IUPAC definitions of mass resolving power (10.5). ISO TC201 maintains the distinction between resolution and
resolving power for mass spectrometry in surface analysis to avoid confusion in surface analytical terminology.
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Terms related to electron spectroscopy methods

111
Auger electron spectroscopy
AES
method in which an electron spectrometer (12.58) is used to measure the energy distribution of Auger
electrons (12.32) emitted from a surface (3.2)

Note 1 to entry: An electron beam in the energy range 2 keV to 30 keV is often used for excitation of the Auger
electrons. Auger electrons can also be excited with X-rays, ions, and other sources but the term Auger electron
spectroscopy, without additional qualifiers, is usually reserved for electron-beam-induced excitation. Where an

X-ra

beapn is used, the reference can either be the Fermi level or the vacuum level (12.10). Spectra, conven
be presented in the direct (12.68) or differential (12.69) forms.

11.2

angle-resolved AES

ARAES

angle-dependent AES

method in which Auger electron (12.32) intensities are measured as a-function of the angle
(8.3)

11.8

reflection electron energy loss spectroscopy

REELS

method in which an electron spectrometer (12.58) is used to measure the energy dist
eledtrons quasi-elastically scattered by atoms at or in a.sturface layer and the associated elec
loss|spectrum (12.71)

Notg 1 to entry: See elastic peak electron spectroscopy,(11.4).

11.4

elastic peak electron spectroscopy

EPES

method in which an electron spectrometer (12.58) is used to measure the energy, intens
energy broadening distributiontef ‘quasi-elastically scattered electrons from a solid or liq|
(3.9)

Not

Not

adequate information.

Not

y source is used, the Auger electron energies are referenced to the Fermi level (12.9) but, where

e 1 to entry: See recoil effect (12.44) and reflection electron energy loss spectroscopy (REELS) (11.3]).

e 2 to entry: An electron beam in the energy range 100 eV to 3 keV is often used for this kind of sy

e 3 to entry: lfgeneral, electron sources with energy spreads that are less than 1 eV are require

e 4 to.entry: EPES is often an auxiliary method of AES (11.1) and REELS, providing informa

composition of the surface layer. EPES is suitable for the experimental determination of the inelast|
path (12.41), the electron differential elastic scattering cross section (4.9), and the surface excitatio

an electron
fionally, can

of emission

ribution of
[ron energy

ity, and/or
uid surface

ectroscopy.

 to provide

tion on the
fc mean free

W parameter

(12.737.

11.5

angle-resolved EPES
AREPES

<EPES> method involving EPES (11.4) measurements as a function of the scattering angle (8.4)
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11.6

X-ray photoelectron spectroscopy

XPS

method in which an electron spectrometer (12.58) is used to measure the energy distribution of
photoelectrons and Auger electrons (12.32) emitted from a surface (3.2) irradiated by X-ray photons

Note 1 to entry: X-ray sources in common use are unmonochromated Al Ka and Mg Ka X-rays at 1 486,6 eV, and
1253,6 eV, respectively. Modern instruments also use monochromated Al Ka X-rays. Some instruments make use
of various X-ray sources with other anodes or of synchrotron radiation (7.1).

Note 2 to entry: EP-XPS (11.11), NAP-XPS (11.12) and HAXPES (11.10) are variants of XPS.

11.7

angle-resglved XPS

ARXPS
angle-dep
procedure
(8.5)

endent XPS
in which X-ray photoelectron intensities are measured as a function of the ‘angle of emis,

Note 1 to entry: This procedure is often used to obtain information on the distribution with depth of diffe

elements or

11.8
ultraviole
UPS
method in
photoelect

Note 1 to o
the resonar
respectively

compounds in a layer approximately 5 nm thick at the surface (3.2).

L photoelectron spectroscopy

Fons emitted from a surface (3.2) irradiated by ultraviolet photons
ntry: Ultraviolet sources in common use include various types of discharges that can gene

). For variable energies, synchrotron radiation (#41) is used.

Note 2 to enftry: Angle-resolved UPS is termed ARPES (11.9).

119

angle-resglved photoelectron spectroscopy

ARPES
procedure
(8.5)and t

Note 1 to en)|

a single cry

11.10

hard X-ray
hard X-ray

HAXPES
method in

in which photoelectron ifiténsities are measured as a function of both the angle of emis
he azimuthal angle

try: This procedurejs often used to obtain information on the electronic and structural properti
tal surface (3.2) using either VUV or X-ray irradiation.

r photoemission spectroscopy
 photoelectron spectroscopy

Kion

rent

which an electron spectrometer (12.58) is used tovimeasure the energy distributiop of

rate

ce lines of various gases (e.g. the He I and He ]JI-e€mission lines at energies of 21,2 eV and 40,§ eV,

Kion

s of

which an electron spectrometer (12.58) is used to measure the energy distribution of

photoelectrons and Auger electrons (12.32) emitted from a surface (3.2) irradiated by X-ray photons
with energies greater than 2 140 eV

Note 1 to entry: See also X-ray photoelectron spectroscopy (11.6).

Note 2 to entry: The lower limit of photon energies for HAXPES is defined as the lowest energy achievable with a
Si(111) double crystal monochromator in accordance with Reference [12].

46

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=de72cc9827d48ba7c7e0f13f40ef795a

ISO 18115-1:2023(E)

11.11

extended pressure X-ray photoelectron spectroscopy
EP-XPS

method in which an electron spectrometer (12.58) is used to measure the energy distribution of
photoelectrons and Auger electrons (12.32) emitted from a solid or liquid surface (3.2) irradiated by
X-ray photons in the presence of gas with a pressure greater than 0,001 mbar and smaller than 1 mbar.

Note 1 to entry: See also X-ray photoelectron spectroscopy (11.6) and near ambient pressure X-ray photoelectron
spectroscopy (11.12).

Note 2 to entry: 1 mbar = 10~4 MPa = 100 Pa; 1 MPa =1 N/mm?2.

11.12
nedr ambient pressure X-ray photoelectron spectroscopy

NA

method in which an electron spectrometer (12.58) is used to measure the energy dist

ph
irrd
tha

Not
sped

Not

11.
Au

APECS

det

mono-energetic X-rays, within a sufficiently shogttime that the Auger electron arises from t

the

11.
phd
PEF
met
pho

Not
pho

Not
the

Not
ora

Not

-XPS

oelectrons and Auger electrons (12.32) emitted from a solid or liquid"surface (3.2

n 1 000 mbar

b 1 to entry: See also X-ray photoelectron spectroscopy (11.6) and extended pressure X-ray p
troscopy (11.11).

b 2 to entry: 1 mbar = 10~ MPa = 100 Pa; 1 MPa = 1 N/mm?Z.

K]
er photoelectron coincidence spectroscopy

ection of an Auger electron (12.32) and a core-level photoelectron, emitted from a solid ir{

particular core-hole (3.61) associated with\the photoelectron

|4

toelectron emission microscopy

M

hod in which the spatial or angular distributions of electrons emitted from a surface t
toelectric effect (12.7) aresimultaneously measured

foelectrons are magnified and refocussed onto a position sensitive detector.

e 2 to entry: The-sample is typically held at a high negative potential and UV irradiation employsg
spread in photoelectron energies and reduce chromatic aberrations (7.23).

b 3 to entfy) PEEM instruments can include electron energy filters which enable direct imaging o
hgular distributions of specific photoelectron energies.

ribution of
or a gas

diated by X-ray photons in the presence of gas with a pressure greatefthan 1 mbar and smaller

notoelectron

‘adiated by
he decay of

hrough the

e 1 to entry: Photoelectron emission microscopy is a form of electron microscopy in whjch emitted

bd to reduce

f the spatial

e @~to entry: PEEM may be used to measure the spatial distributions of work function (12.]

| 2), surface

che
100

—— 1 - . - - 1 — b il PR ] ) I £a0 a4 - ] w1
HISTITY, TITULTUIIIU STTULTUT T dITU IIIdgTIITUC PIUPTIUTS WILIT SPUTIUr TeSUTULIUIT [ LU. L7 ) SIZITITICAIILLY
nm.

better than

Note 5 to entry: The acronym X-PEEM indicates that X-rays are used as the photoelectron excitation source.
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11.15

X-ray standing waves

XSW

method based on the interference of X-rays that occurs near the Bragg condition at the surface of a
crystalline solid which leads to intensity variations in yields of photoelectrons as the Bragg condition is
scanned by tilting the sample or changing the X-ray energy

Note 1 to entry: Intensity nodes are scanned from one lattice plane to the next as the Bragg condition is
altered. Atomic positions in the crystalline lattice can be determined from comparisons of measured scans of
photoelectron intensity with calculated scans from dynamical scattering theory.

12 Terms related to electron spectroscopy analysis

12.1
primary ejectron
electron extracted from a source and directed at a sample

Note 1 to enftry: See secondary electron (12.2).

12.2

secondary electron
electron, generally of low energy, leaving a surface (3.2) as a result.of ‘an excitation induced by an
incident el¢ctron, photon, ion, or neutral particle

Note 1 to eptry: By convention, electrons with energies < 50 eV are censidered as secondary electrons urlless
otherwise dpecified. Calculations of the energy distribution of the electrons emitted from a surface show [that
50 eV is a ugeful cut-off energy to contain most of the electrons. THescut-off is artificial, and secondary electrons
with energigs greater than 50 eV usually exist. This convention isinot usually observed for GDS (15.1).

12.3
backscattered electron
<AES, EELP> electron, originating in the incidentbeam, which is emitted after interaction with|the
sample

Note 1 to erftry: By convention, an electron with'energy greater than 50 eV can be considered as a backscatt¢red
electron.

Note 2 to erjtry: By convention, the iricident beam is often called the primary beam (8.10) and the backscatt¢red
electrons aife often referred to as the backscattered primary electrons (12.1).

12.4
backscattering yield
backscattering coefficient

<AES> ratip of the;toetal number of electrons emitted from the sample with energies greater than 5) eV
to the tota] nutnber of electrons incident at a given energy and angle of incidence (8.1)

Note 1 to emtry—See oc(,uuu'w_y-t:l'c(,u OTT _yi(:l'u' (12.5), totat av(,uuu'uly-u'm,uuu )/[cl'u' (12.0), amd-backscutt ring
correction factor (12.53).

12.5

secondary-electron yield

secondary-electron emission coefficient

6

<AES> ratio of the total number of electrons emitted from a sample with energies less than 50 eV to the
total number of electrons incident at a given energy and angle of incidence (8.1)
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12.6

total secondary-electron yield

o

<AES> ratio of the total number of electrons emitted from a sample to the total number of electrons
incident at a given energy and angle of incidence (8.1):

c=0+1n

where 6 is the secondary-electron yield (12.5) and 1 is the backscattering coefficient

Nt 1 & s < L L oS 4 iald (19D AN < 2| 1 4 1l
otlg—T—To CIITy " OC T UUCRSTUTTCT Ty yTCTU (2T alTa STLUTTUAaT y - CICC T UIT yTCTON

Note 2 to entry: The total secondary-electron yield is often simply called the secondary-electronyieldl. This leads
to cpnfusion with the term of that name which is restricted to secondary electrons (12.2), with|energies <50 eV.

12.7
phqtoelectric effect
intgraction of a photon with bound electrons in atoms, molecules and solids, résulting in the production
of one or more photoelectrons

12.8
phgtoemission
emission of electrons from atoms or molecules caused by the phdtoelectric effect (12.7)

12.9
Ferpmi level
thermodynamic work required to add one electron to @material

Note¢ 1 to entry: See vacuum level (12.10).

Note 2 to entry: For insulators and semiconductorsythe Fermi level is usually between the valence and conduction
banfs.

12.10
vacuum level
eledtric potential of the vacuum at a point in space

Note 1 to entry: See Fermi level (12.9).

Note 2 to entry: In electron._spectroscopy, the point in space is taken at a sufficiently large distance| outside the
sampple such that electric-fields caused by different work functions (12.12) of different parts of the Jurface (3.2)
are fero or extremely.small.

12.11
stapdard vacuum level
eledtric potential 4,500 eV above the Fermi level (12.9)

Note %to entry: See vacuum level (12.10).

Note 2 to entry: The Fermi level is an absolute level to which electron kinetic energies (3.35) can be accurately
referenced. Historically, in AES (11.1), the electron energies have not been referenced to the Fermi level but,
instead, have been referenced to the instrument vacuum level. This level varies from instrument to instrument
and does not provide a consistent reference level. However, most reported Auger electron (12.32) kinetic energies
have been referenced to the vacuum level, and most analysts are familiar with the variations that occur from one
instrument to another for energies referenced in this way. By convention, the standard vacuum level is defined,
as above, to be a consistent reference level close to the value for typical instrument vacuum levels. Energies
referenced to the standard vacuum level are consistent and are within approximately 1 eV of those referenced to
individual instrument vacuum levels.
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12.12
work func

tion

potential difference for electrons between the Fermi level (12.9) and the maximum potential just outside

a specified

surface (3.2)

Note 1 to entry: The work functions of the different crystal facets of a single crystal in general differs from one
another. These work functions also change with the state of cleanness of the crystal surfaces.

Note 2 to entry: A polycrystalline surface exhibits an average work function which depends on the types of
exposed constituent single-crystal facets and their areas.

12.13

photoelec
minimum
absorption

Note 1 to e
general diff]
even if the 1
the lowest
extraction
equivalent

Note 2 to e
measured p
field streng

Note 3 to en
is taken as

those emitt
emission lir]

tric work function
pbhoton energy required to liberate an electron from the surface of a conducting solig
of that photon

htry: The work functions (12.12) of the different facets of the crystals in a polyorystalline soli
br from one another. There are localized or patch electric fields close to the surfaces of these fa
egion distant from the solid is, on the average, field-free. Patch fields in the vicinity of the facet y
vork function retards photo-emitted electrons. These electrons can only he detected if a suit
ield is applied. Without an extraction field, the measured photoelectri¢c-work function beco
o the area-averaged work function.

htry: If the surface is immersed in an extraction field, the minithtim photon energy, and hencse
hotoelectric work function are both reduced. The extent of the xeduction depends on the extrad
h and the size of the different facets.

kry: Work functions are often measured in photoemission, (12.8) experiments where the work fung
bqual to the photon energy minus the difference between the lowest energy electrons emitted
bd characteristic of the Fermi level (12.9). For such experiments, photons from the He [ ultrav
e are commonly used. The lowest energy measuted depends on the presence of an extraction f

In many publications there is confusion between the measuired lowest energy in the spectrum and lowest en

after decon
erroneously

12.14

volving the spectrometer resolution (10.6).dgnoring the finite energy resolution (10.24) leads t
low value of the work function.

thermionilc work function

parameter
density, J, g
constant a

Note 1 to erj
of the cryst

Note 2 to en
are the mas

12.15

describing the apparent work function (12.12) of a solid that controls the electronic cur
mitted from a conductor-attemperature T, and equal to —kT In(J/AT?), where k is Boltzma
nd A is Richardson's censtant

try: For polycrystalline solids, the thermionic work function is close to the minimum work fung
hllites present.

try: Richardsen's constant, 4, is given by A = (4mtmk2e)/h3 = 1,201 73 x 106 Am~2K-2, where m an
5 and charge on the electron, respectively, and h is Planck’s constant.

Einstein’s

photoelectric equation

by

d in
cets
vith
hble
mes

the
tion

tion
and
olet
eld.

Prey
D an

rent
n's

tion

d -e

formula in " Which the kinetic energy (3-35) of an electron, emitted from a conductor illuminated by
monochromatic photons, is given by the photon energy minus the work function (12.12) of the surface
from which the photoelectron is emitted

12.16

binding energy
energy expended in removing an electron from a given electronic level to the Fermi level (12.9) of a solid
or to the vacuum level (12.10) of a free atom or molecule

Note 1 to entry: See also binding energy scale (12.73)
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12.17

chemical effects

<AES, EELS, XPS> changes in the shape of a measured spectrum, or in the peak energy (12.72) for an
element, arising from chemical bonding

12.18

chemical shift

<AES, EELS, XPS> change in peak energy (12.72) arising from a change in the chemical environment of
the atom

12.19

multiplet splitting
<AHS> splitting of an Auger electron (12.32) line into two or more components,.‘catuged by the
intdractions of the atomic vacancies created by the Auger process (12.30)

12.20

multiplet splitting
exchange splitting
<XHS> splitting of a photoelectron line caused by the interaction of the-unpaired electron,|created by
phofoemission (12.8), with other unpaired electrons in the atom

12.21

intrinsic lineshape
natural lineshape
<AHS, UPS, XPS> lineshape (3.27) of a spectral feature afterremoval of all instrumental contfibutions

Not¢ 1 to entry: A background can or cannot be removed from the lineshape of interest, depending on the
circhmstances. The procedure for determination of the intrinsic lineshape may be complex and shoulld therefore
be clearly stated.

Notg¢ 2 to entry: In AES (11.1), a background due"to inelastic scattering (4.2), secondary electrons (12.2), or
backscattered electrons (12.3) may be removed.See inelastic background (12.46) and Sickafus background (12.87).

Notg 3 to entry: In XPS (11.6), a background'due to other photoemission (12.8) processes and to inelast|c scattering
progesses in the sample may be removéd,See inelastic background.

12.p2

intyinsic linewidth
natural linewidth
<AHS, UPS, XPS> full width at half maximum intensity of a spectral feature for a particular transition
aftdr removal of the-background and all instrumental terms including the contribution of the exciting
soufce

Note 1 to entry: Phe measured linewidth is determined from the measured lineshape (3.27) which is a|convolution
of the intrinsie lineshape (12.21) with broadening contributions of the sample and of the instrument resolution
fundtion (40:2) [e.g. the linewidth of the X-ray source in XPS (11.6) and spectrometer energy resolutign (10.24) in
botl AES, (11.1) and XPS].

12.23

chemical state

<AES, EELS, UPS, XPS> state of an atom arising from its chemical interaction with neighbouring atoms
in a molecule, compound, solid, liquid, or gas that leads to a characteristic energy or feature observable
in electron spectroscopy

Note 1 to entry: Examples of features observed are satellite peaks, shifts in the peak energy (12.72) positions,
changes in the lineshape (3.27), and changes in the characteristic electron energy losses (12.40) spectra at lower
kinetic energies (3.35) than the photoelectron or Auger electron (12.32) peaks.

Note 2 to entry: A full description of chemical state is denoted by the complete set of electronic states and the

electron configuration in the core of the atom providing the signal, as well as the electronic and physical structure
(including charge distribution, density of electronic states, and electronic configuration) local to this atom.
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Note 3 to entry: The chemical state of a selected atom is determined by its interaction (e.g. chemical-bonding
iconicity or covalency) with nearby atoms, most importantly its nearest neighbours. It is determined by the
oxidation number of an atom in a compound, by the coordination (mostly by its stereo structure and coordination
number) and by the differences in the kinds of element in the position of the first-nearest neighbour, second-
nearest neighbour, and so on. These all affect the effective charge and spin state of the selected atom.

Note 4 to entry: Different or distinguishable sets of chemical properties (different chemical states) of a chemical
species (3.5) can occur as a consequence of differing valence-band electronic structures, including charge
distributions and electronic configurations, localized on the given chemical species. In XPS (11.6), the term
chemical state is mostly used for characterizing measured binding energies, Auger electron kinetic energies, and
Auger parameters (12.80) with different oxidation states of a given element in different chemical compounds, e.g.

the Cr III ox

rize

the shape o
e.g. the sha
chemical prj
peak energi
photoelectr

Note 5 to en|
region of re
for the tota
provides ar
sense, its st
charge and

12.24

surface core-level shift

energy shi
of the surfqg

Note 1 to en
the crystal
of the bulk
is generally|
surface nor
Separate en|

12.25
interface ¢

energy shift observed in core-level photoelectron spectroscopy arising from the changed bonc

and/or fro
materials

Note 1 to enftry: See surface core-level shift (12.24).

12.26

photoioni
total ionizd
to produce

dation statein Cr. ﬂj and (‘r(ﬂH)J InAES (ﬁ), theterm chemical stateis often usedtocharacte
the Auger electron spectrum (12.70) for the atoms of an element in different chemical environiag
be of the carbon Auger electron spectrum for graphite and for various carbides. Differenees/in
operties of a chemical species in various environments can result in differences in thé resped
es, satellite structures, lineshapes (3.27), or energy loss (4.3) features in the corresponding Augsg
bn spectra.

try: The quantum theory of atoms in molecules defines an atom in a molecule ofjerystal as a bour
al space, an open quantum system. However, there is no wave function for the atom; they are

system. Hence, there is no state designation for the atom, only for the total system. What phy
e expectation values of all the observables, measurable or otherwisejfor the bound atom. In
hte is defined within the total system by the net charge and energy efithe atom and how chang
bnergy are reflected in the observed (e.g. Auger or photoelectron)$pectra.

't observed in core-level photoelectron spectroscopy~arising from the reduced coordina
ce (3.2) or near-surface atoms compared to bulkatéms

try: Surface core level shifts are often observedfer'single crystals and nanoparticles and depen
surface exposed. Shifts can be to lower or higher binding energy depending on the band struc
solid. For the outermost atom layer, the shift can be as high as 0,4 eV. In XPS, the sampling d
many atom layers when photoelectrons are detected with emission angles (8.5) at, or close to
mal. The shift for the outermost atom-ldayer is thus seen most clearly at near-grazing emission an
ergy shifts can be detected for the second and third atom layers from the surface.

ore-level shift

M the displacements'of atoms from their bulk positions near an interface (3.1) between

ration'cross section
tion cross section (4.26) for an incident photon of a given energy interacting with a mate
ore or more photoelectrons from all sub-shells that are energetically accessible
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Note 1 to entry: See ionization cross section (4.26) and sub-shell photoionization cross section (12.27).

12.27

sub-shell photoionization cross section
cross section (4.7) for an incident photon interacting with a material to produce one or more
photoelectrons from a given sub-shell

Note 1 to entry: See photoionization cross section (12.26).

Note 2 to entry: Photoionization from one sub-shell can lead to shakeup (12.51) or shakeoff (12.52) of electrons
from other shells.
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12.28
asymmetry parameter

<XPS> factor which characterizes the intensity distribution, L(y), of photoelectrons ejected by

unpolarized X-rays from isolated atoms in a direction y from the incident X-ray direction in accordance
with

L(y)=1+%ﬂ[%(sin2 y)—l}

Noteltoentry: This formula relatesto gases andismodified hy the effects of elgstic scattering (ﬂ) when app]ied

to splids. At the magic angle (12.29), L(y) = 1.

12.29

magic angle
<XHS> angle at which the spectrometer entrance axis is aligned at 54,7° to the direction of the X-rays at
the[sample surface (3.2)

Note¢ 1 to entry: At the magic angle, using the simple dipole theory for,the“angular distribytion of the
phofoelectrons emitted from an atom irradiated by unpolarized X-rays, it is predicted that the inten§ity per unit
soligl angle is the same as the intensity that would be obtained if the scattering were isotropic.

12.80
Auger process
relaxation (3.57), by electron emission, of an atom with a vacancy in an inner electron shell

Note 1 to entry: See Auger de-excitation (3.72), Auger electron (12.32), and Auger transition (12.33).
Notg 2 to entry: The emitted electrons have characteristie energies, defined by the Auger transition.

12.81
Auger electron yield
propability that an atom with a vacancy.in a particular inner shell relaxes by an Auger proce$s (12.30)

12.82
Auger electron
eledtron emitted from atoms iiithe Auger process (12.30)

Note 1 to entry: See Auger transition (12.33).

Not¢ 2 to entry: Auger €lectrons can lose energy by inelastic scattering (4.2) as they pass through matter.
Medsured Auger electron spectra are therefore generally composed of a peak structure of unscatfered Auger
electrons superimposed on a background of inelastically scattered Auger electrons with intensities ¢xtending to
lower kinetic energies, and on backgrounds arising from other processes.

Note 3 to entry: Auger electrons can change their direction of propagation by elastic scattering (4.1) ps they pass
thrqugh/matter.

12.83
Auger transition
Auger process (12.30) involving designated electron shells or sub-shells

Note 1 to entry: The three shells involved in the Auger process are designated by three letters. The first letter
designates the shell containing the initial vacancy and the last two letters designate the shells containing
electron vacancies left by the Auger process (e.g. KLL or LMN). When a valence electron is involved, the letter V
is used (e.g. LMV or KVV). When a particular sub-shell involved is known, this can also be indicated (e.g. KL;L,).
Coupling terms can also be added, where known, to indicate the final atomic state (e.g. L3M4 sM, 5;1D).

Note 2 to entry: More complicated Auger processes (such as multiple initial ionizations and additional electronic
excitations) can be designated by separating the initial and final states (3.56) by a hyphen (e.g. LL-VV, or K-VVV).
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Note 3 to entry: When an Auger process involves an electron from the same principal shell as the initial vacancy
(e.g. L{L,M), itis referred to as a Coster-Kronig transition (12.36). If all electrons are from the same principal shell
(e.g. M{M;M;) the process is called a super Coster-Kronig transition (12.37).

12.34

Auger transition rate
quotient of the probability for an Auger process (12.30) by time

12.35
interatom

ic Auger process

Auger transition (12.33) in which at least one of the final electron vacancies is localized in valence levels

or molecul

12.36
Coster-Kr
Auger proc

A" Orb1tals o1 atoms adjacent to the atom 1In which the mitial vacancy occurred

bnig transition
pss (12.30) involving an electron from the same principal shell as the initial vacarncy

Note 1 to entry: See Auger transition (12.33) and super Coster-Kronig transition (12.37).

EXAMPLE

12.37

super Cos|
<AES, XPS
shell as the

L,L,Ms; M;M,N.

fer-Kronig transition
> Coster-Kronig transition (12.36) in which the ejected eleetfon is from the same pring
initial vacancy

Note 1 to enftry: See Auger transition (12.33).

EXAMPLE

12.38

Auger vac
Auger tran
or the final

12.39
inelastic s|
<AES, EELS

12.40

character
inelastic sc
(12.71) det]

M,M,Mg; NsN,N,.

hncy satellite
bition (12.33) in which additional spectdtor holes (3.63) are present in the initial state (3]
state (3.56) for the transition

cattering cross section

stic electron energylosses
ittering (4.2) of electrons in solids that produces a non-uniform electron energy loss spect
ermined by the ¢haracteristics of the material

Note 1 to enftry: See plasmon (12.47) and surface plasmon (12.48).

Note 2 to e
solids (e.g. 1

htry; The most probable characteristic losses arise from excitation of valence electrons. For s
on-transition metals), inelastic scattering is dominated by plasmon excitations. For other solids

inelastic sc{

b, XPS> cross section (4.7) forinelastic scattering (4.2) by an electron traversing a material

ipal

54)

"fum

bme
the

ttering can be due to a combination of plasmon excitation and single valence-electron excitati

ons,

and these excitations may not be distinguishable. Inelastic scattering can also occur through the excitation of

core level el

ectrons when this is energetically possible.

Note 3 to entry: The characteristic energy losses are most prominent in the energy loss range 0 eV to 100 eV.

Note 4 to entry: Characteristic electron energy loss peaks are often observed in association with other peaks in
a spectrum [e.g. Auger electron (12.32) peaks, photoelectron peaks, and the peak arising from elastic scattering
(4.1) of primary electrons (12.1)].

12.41

electron inelastic mean free path
average distance that an electron with a given energy travels between successive inelastic collisions

Note 1 to entry: See attenuation length (4.30).
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12.42

elastic peak

quasi-elastic peak

peakin the electron spectrum, produced by quasi-elastically scattered electrons detected by an electron
spectrometer (12.58)

Note 1 to entry: See elastic peak electron spectroscopy, EPES (11.4), inelastic scattering (4.2), recoil effect (12.44),
and reflection electron energy loss spectroscopy (REELS) (11.3).

Note 2 to entry: All electrons that are scattered by atoms can be elastically scattered in the centre-of-mass frame,

but energy losses (4.3 3) that are typlcally less than 1 eV can be observed in the laboratory frame These losses

His orlcally, and more generally, the scatterlng has been “called * ‘elastic”; however, the term qua51 el
oftejn used if the small change in energy that occurs on scattering is important

Notg¢ 3 to entry: The energy and the energy broadening of the quasi-elastic peak are influenced by
the [scatterer atoms, the energy distribution of the primary (incident) electrons, the.scattering g¢
accgptance geometry, and the response function (7.13) of the electron spectrometer.The intensity g
peak depends on the electron differential elastic scattering cross section (4.9) and,otthe total cross
for inelastic electron scattering at the particular primary-electron beam energy<8.33) and in the give
geometry, including the probability of surface excitations.

of the intensity of a peak resulting from the presence of‘the surface (3.2), during a single ct
material surface, to that expected after traversing the,;same amount of material but in the
thelsurface

Not¢ 1 to entry: If it is assumed that the SEP arisés’ solely from surface excitations and that mult
excitations are governed by the Poisson stochastic'process, the probability of experiencing n surface
is given by (S5?/n!)[exp(=S)], where S is the SEP*The SEP can then be interpreted as the average numb

tron beam.
astic is now

the recoil of
ometry, the
f the elastic
bection (4.7)
n scattering

S, EPES, REELS, XPS> characteristic parameter in the.exponential attenuation, describing the ratio

ossing of a
absence of

iple surface
excitations
br of surface

excitations during a single surface crossing; and the probability for not experiencing any surface excitation

during that single surface crossing is given-by exp(-S).

ibutions for
b intensities

Not
incd
obs

e 2 to entry: The value of the SEP depends on the geometry of the experiment, and the contr
ming and for outgoing electrons'in EPES (11.4) and REELS (11.3) can differ. The SEP decreases th
brved in REELS, EPES, AES(1%1), XPS (11.6), and similar types of spectroscopy.

Not
REE

e 3 to entry: Surface-exeitation decreases the intensity of the quasi-elastic peak (12.42). It is i
LS and EPES.

mportant in

12.
rec
<EF
eled

14

pil effect
ES> effect/resulting from the change in movement of a scatterer atom as a result of qf
tronseattering

hasi-elastic

Not¢ T'to entry: The energy shift and energy broadening of the quasi-elastic peak (12.42) for a scattered electron
beam due to atomic recoil depend on the mass of the scatterer atom, the energy of the primary electrons (12.1),
and the scattering angle (8.4). In addition, the energy broadening due to atomic recoil depends on the sample
temperature. The quasi-elastic peak in EPES (11.4) for multicomponent materials contains contributions from
each component. Recoil effects are most easily observable in electron spectra taken at a high energy resolution
(10.24) with low atomic number scattering atoms. Hydrogen can be directly detected by its recoil shift.

12.45

effective attenuation length

<AES, XPS> parameter which, when introduced in place of the inelastic mean free path (12.41) into an
expression derived for AES (11.1) and XPS (11.6) on the assumption that elastic scattering (4.1) effects
are negligible for a given quantitative application, corrects that expression for elastic scattering effects

Note 1 to entry: See attenuation length (4.30).
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Note 2 to entry: The effective attenuation length can have different values for different quantitative applications of
AES and XPS. However, the most common use of effective attenuation length is in the determination of overlayer-
film thicknesses from measurement of the changes of overlayer and substrate Auger-electron or photoelectron
signal intensities after deposition of a film or as a function of the emission angle (8.5). For emission angles of up
to about 60° (with respect to the surface normal), it is often satisfactory to use a single value of this parameter.
For larger emission angles, the effective attenuation length can depend on this angle. Effective attenuation
lengths have also been used in equations for determining the shell thicknesses of core-shell nanoparticles and for
quantitative analysis (to describe the changes in AES and XPS signal intensities due to elastic scattering).

Note 3 to entry: Since there are different uses of this term, it is recommended that users specify clearly the
particular appllcatlon and the definition of the parameter for that apphcatlon (e. g by glvmg a formula or by
providing a e : . oL hould

12.46
inelastic Hackground

Sickafus badkground (12.87), and Tougaard background (12.88).

Note 2 to enfry: For AES (11.1) and XPS (11.6), the inelastic background associatedwith a particular Auger elecgron
(12.32) or ghotoelectron peak has been approximated by a measured electron energy loss spectrum (12.71) for
which the ipcident-electron energy is close to the energy of the peak. The{lougaard background is also usdd. A
simpler, buf less accurate, inelastic background function is the Shirley background. Simple linear backgroynds
have also bgen used, but these are much less accurate except for the XPSanalysis of insulators.

12.47
plasmon
bulk plasmon

volume plasmon

excitation pf valence-band electrons in a solid in which collective oscillations are generated

Note 1 to enftry: See characteristic electron energy-loesses (12.40).

Note 2 to ertry: Plasmon excitations are often observed as characteristic energy loss (4.3) peaks associated yith
other peakyq in the spectrum such as those\of any elastically scattered primary electrons (12.1), photoelecfron
peaks, Augef electron (12.32) peaks, and.ionization edges.

Note 3 to enftry: Plasmons are prorinént in some materials and not others.

Note 4 to erjtry: Two types ofplasmon are commonly observed: bulk plasmons associated with material remote
from the syrface (3.2) andssurface plasmons (12.48) associated with material at the surface. When the term
plasmon is hised without a qualifier, the term refers to the bulk plasmon. Occasionally, interface (3.1) plasnjons
can be obsefved thatarelassociated with interfaces. Bulk plasmon energies depend on the electronic structufe of
the material, and arexroughly proportional to the square root of valence-band density. Surface plasmon enerjgies
are typically between 50 % and 90 % of bulk plasmon energies.

12.48
surface plasmon

excitation of conduction- or valence-band electrons in a solid or liquid, associated with the termination
of the material at the surface (3.2), in which collective oscillations are generated

Note 1 to entry: See characteristic electron energy losses (12.40) and plasmon (12.47).

Note 2 to entry: Plasmon excitations are often observed as characteristic energy loss (4.3) peaks associated with
other peaks or structures in the spectrum, such as those of any elastically scattered primary electrons (12.1),
photoelectron peaks, Auger electron (12.32) peaks, and ionization edges. Surface plasmons are important for
many optical measurements.

Note 3 to entry: Plasmons are prominent in some materials and not in others.
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Note 4 to entry: Two types of plasmon are commonly observed: bulk plasmon (12.47) (often simply called
plasmons), associated with material remote from a surface or interface (3.1), and surface plasmons, associated
with a surface or interface. The bulk plasmon energy depends on the electronic structure of the material and
is generally roughly proportional to the square root of the density of the valence-band electrons. The surface
plasmon energy for a surface (i.e. a material-vacuum interface) is often approximately (1/v2) of the bulk plasmon
energy for a planar surface; the actual ratio of the bulk and surface plasmon energies depends on the electronic
structure of the material. For an interface between two materials, the surface plasmon energy depends on the
electronic properties of each material. In the case of a thin oxide film on a free-electron-like metal, the surface
plasmon energy of the metal is reduced compared to the value for the clean metal surface due to the presence of
the oxide.

12.49
extrinsic plasmon
plagmon (12.47) excited as an electron travels through a condensed medium

Note 1 to entry: See intrinsic plasmon (12.50).

Notg¢ 2 to entry: The probability describing the number of extrinsic plasmons excited by the electjon depends
on the path length traversed and, for typical applications of Auger electron spectroscopy (11.1) and X-ray
photoelectron spectroscopy (11.6) of a homogeneous sample, follows a Poissonian distribution for the parameter
s/A,where s is the path length and A is the inelastic mean free path (12.41).

12.50

intrinsic plasmon
plagmon (12.47) excited at the same time as the excitation,of a core-level photoelectron dr an Auger
eledtron (12.32) associated with the same locality as the “excitation of the photoelectroph or Auger
eledtron

Note 1 to entry: See extrinsic plasmon(12.49).

Note 2 to entry: The population of numbers of intrinsi¢ plasmons observed follows a Poissonian distgibution as a
fungtion of the number of multiple plasmons excitéd.

Not¢ 3 to entry: Intrinsic plasmons are excited as a consequence of the suddenly created core hole (3.61). Usually,
the fore hole is assumed to have a stationary position and a finite lifetime. Interferences can take pldce between
extyinsic and intrinsic excitations.

12.61

shakeup
<AHS, XPS> multi-electron-process in which an atom is left in an excited state (3.53) flollowing a
photoionization or Augér_electron (12.32) process, so that the outgoing electron has a chgracteristic
kinatic energy (3.35)-slightly less than that of the parent photoelectron

Not¢ 1 to entry: See shakeoff (12.52).

Note¢ 2 to entfy) Shakeup peaks are usually observed within 10 eV of the parent peak. However, for gases where
the packground is low, shakeup peaks have been identified at kinetic energies up to 100 eV less thap that of the
par¢nt peak.

12.52
shakeoff
<AES, XPS> multi-electron process in which two or more electrons are emitted, partitioning between
them the excess kinetic energy (3.35)

Note 1 to entry: See shakeup (12.51).
Note 2 to entry: Shakeup leads to peak structure at kinetic energies below that of a parent peak whereas shake off

leads to a continuum background intensity, also at kinetic energies below that of the parent peak in the electron
spectrum.
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12.53

backscattering correction factor

<AES> factor equal to the ratio of the total Auger-electron current arising from ionizations in the
sample caused by both the primary electrons (12.1) and the backscattered electrons (12.3) to the Auger-
electron current arising directly from the primary electrons

Note 1 to entry: See backscattering fraction (12.54).
Note 2 to entry: The AES literature contains many references to “backscattering factor” but the use of this term

is ambiguous. In some papers and books, the backscattering factor is the same as the backscattering correction
factor, while in other papers and books the backscattering factor is identified as the backscattering fraction. In

practice, th
factor (ofte
misunderst

Note 3 to

the assump
information
primary eng
increasing d

S AMDIZUOUS USage generaily does not cause MISUnderstanding Since the backSCattering corre
h denoted by R) is equal to unity plus the backscattering fraction (often denoted by r). To'a
hnding, use of the term backscattering factor is deprecated.

entry: In simple theories, evaluations of the backscattering correction factor can, be based
tion that the primary electron beam is unchanged, in intensity, energy, or direction, within
depth (4.37) for Auger-electron emission. This assumption becomes progressiyely less useful as
rgy becomes closer to the core-level ionization energy for the relevant Auger ¢ransition (12.33) o

ion
yoid

on
the
the
- for

ngles of incidence (8.1) of the primary electrons. In such cases, a more advanced theory of elec

transport should be used. For example, if the primary electron energy is less than twice-the core-level ioniz

energy, the {
primary bed
correction fi
classificatio

12.54

backscatt
<AES> rati
electrons (]

bctor would be less than unity and the backscattering fraction is.niegative. In such cases, the sep
n of the electrons as primary or backscattered becomes progressively less useful.

bring fraction
b of the Auger-electron currentarising from ionizations in the sample caused by backscattc
| 2.3) and the Auger-electron current arising ditectly from the primary electrons (12.1)

Noteltoe

ry: See backscattering correction factor (12.53).

[ron
ion

otal Auger-electron current emitted from the sample can be less than thattalculated for an unalt¢red
im (8.10) alone so that, if the primary beam is assumed to be unaltered, the measured backscattefing

ate

red

e of
ring
ring
ring

Note 2 to eptry: The AES (11.1) literature contains(many references to “backscattering factor” but the us
this term isjambiguous. In some papers and booeks,’the backscattering factor is the same as the backscatte
correction flactor, while in other papers and baoks, the backscattering factor is identified as the backscatte
fraction. In practice, this ambiguous usage.generally does not cause misunderstanding since the backscatte

correction
avoid misur]

that the pri
(4.37) for

becomes cl
angles of in{
should be u

Note 3 to ZE‘W: In simple theorjes, evaluations of the backscattering fraction can be based on the assump

ctor (often denoted by R) is-&gual to unity plus the backscattering fraction (often denoted by r|
derstanding, use of the term.backscattering factor is deprecated.

ary electron beamiiis unchanged, in intensity, energy, or direction, within the information d
ger-electron emission. This assumption becomes progressively less useful as the primary en
ser to the corg:level ionization energy for the relevant Auger transition (12.33) or for increa|
idence (8.1)-ef the primary electrons. In such cases, a more advanced theory of electron trans

Ked. For é€xample, if the primary electron energy is less than twice the core-level ionization eng

the total A
primary be
correction
classificati

12.55

ger-eléctron current emitted from the sample can be less than that calculated for an unalt

. To

tion
epth
T8y
King
port

rgy,
bred

im (8.10) alone so that, if the primary beam is assumed to be unaltered, the measured backscatteyi

¢tor would be less than unity and the backscattering fraction is negative. In such cases, the sep

differential electron elastic reflection coefficient

<EPES> ratio, per solid angle, of the number of electrons backscattered quasi-elastically from a solid
surface (3.2) at a given scattering angle (8.4) to the number of incident electrons

Note 1 to entry: The differential elastic reflection coefficient for electrons depends on the atomic composition
of the surface layer of the solid, on the differential elastic scattering cross sections (4.9) of the different atoms for
electrons, on the corresponding inelastic mean free path (12.41), on the energy of the incident electrons and on
the scattering geometry.
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12.56

begrenzungs effect
change of the probability of bulk excitation for electrons travelling in condensed matter near a surface
(3.2) or an interface (3.1), arising from the presence of the surface or interface

12.57

bre

msstrahlung

<XPS> photon radiation emitted from a material due to the deceleration of incident electrons within
that material

Note 1 to entry: The bremsstrahlung radiation has a continuous spectral distribution up to the energy of the

inci

Not
lead
be ¢
can
feat]
The
(12.

12.
eleg
dev|

Not
or f
opti
ana
elec

12.
eleg
dev

lent electrons.

e 2 to entry: In XPS (11.6), the bremsstrahlung from a conventional X-ray source with_ an)Al d
s to a continuous photoelectron background. This radiation can also photoionize inner-shells,
nergetically impossible with characteristic Al Ka or Mg Ka X-rays. As a result, Auger electron (12.
Appear at negative binding energy scale (12.73) values and, in addition, the intensities-of other Au
ires can be greater than if the inner shell vacancies had been created only by the characteristic X
bremsstrahlung-excited Auger electron features can be helpful in determininig the various Auger
B0) required to identify chemical states (12.23).

58
‘tron spectrometer
ice, the essential part of which is an electron energy analyser,(12.59)

e 1 to entry: The term electron spectrometer can be used either as a synonym for electron ener
o describe a more complex instrument based on an électron energy analyser and addition
cal components. Occasionally, the term is used to describe a complete working system wit

tronics, and a data-processing system. The meaning is normally made clear by the context.

59
‘tron energy analyser
ice for measuring the number of electrons, or an intensity proportional to that number, as

yser, possible electron-optical components, an electren detector, excitation sources, vacuum pullL

r Mg anode
yhich would
B2) features
ber electron
Lrays (3.66).
parameters

gy analyser
hl electron-
an energy
ps, control

a function

hell or sub-

of the electron kinetic energy (3.35)

Note 1 to entry: See electron spectrémeter (12.58).

12.60

overpotential

U

<AHS> ratio of the electron beam energy (8.33) to the binding energy (12.16) of a particular s
shell of an atom

Note 1 to entpys Overpotential values are typically in the range 2 to 200.

12.61

moflulation

<AE Q AIFFDY‘DY\"'I’)] cnar‘trum novanhr‘ urqnof‘nvm ')r]r]or] fn flno cnat‘fwnrnafav DASS enorg}r

app

lled to the sample in order to generate a display of the differential spectrum (12.69)

(12.63) or

Note 1 to entry: The amplitude of the modulation should be given as electron volts peak-to-peak, thereby
including any relevant geometrical factor of the spectrometer, rather than volts peak-to-peak. The frequency and
waveform shape should also be given.

12.62

electron retardation
<AES, XPS> method of measuring the kinetic energy (3.35) distribution by retarding the emitted
electrons before or within the electron energy analyser (12.59)
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12.63

pass energy
<AES, ISS, XPS> mean kinetic energy (3.35) of the detected particles in the energy-dispersive portion of

the energy
12.64

analyser

constant AE mode
constant analyser energy mode

CAE mode

fixed analyser transmission mode

FAT mode

mode of elé
the pass en

Note 1 to er

throughout
(3.35) of the

12.65

constant /
constant 1
CRR mode
fixed reta
FRR mode
mode of el
energy (12
vacuum lev

Note 1 to er]
emitted ele
with increa

12.66

photoelec
photoelect
X-ray lines

EXAMPLE

12.67
X-ray ghos
<XPS> line
on the X-ra

Note 1 to en
fraction of

ctron energy analyser (12.59) operation that varies the electron retardation (12.62) butkg
prgy (12.63) constant in the energy-dispersive portion of the analyser

try: This mode is often used in XPS (11.6) to maintain a high and constant energy resolution (10
the spectrum. In this case, the analyser transmission usually falls with increasingkinetic en
analysed electrons.

E/E mode
etardation ratio mode

rdation ratio mode

bctron energy analyser (12.59) operation that varies the retarding potential so that the
63) in the energy-dispersive portion of the analyseris a constant fraction of the orig
Pl (12.10) referenced kinetic energy (3.35)

try: This mode is often used in AES (11.1) to impreve the signal-to-noise ratio (3.23) for high-en
trons at the expense of energy resolution (10.24){In this case, the analyser transmission usually
bing kinetic energy of the analysed electrons as'a result of the increased energy width accepted.

fron X-ray satellite peaks
Fon peaks in a spectrum resultingfrom photoemission (12.8) induced by characteristic m
associated with the X-ray spectrum of the anode material

Ka', Kag 4, Las 6, and KB are all minor X-ray lines.

tline
in a spectrunt. due to photoemission (12.8) induced by X-ray photons from an impurity i
y anode, frond the X-ray window, or from certain elements present in the sample

try: Ghost\ines typically appear in dual-anode X-ray sources with Mg and Al coatings where a s

oxygen X-ra

12.68
direct spe

Al X-rays appear when using the Mg source and vice versa. Other common ghost lines appeat

eps

.24)
ergy

DASS
inal

Frey

ises

nor

1 Or

mall
for

|ys as'the coatings oxidize or copper X-rays from the coating substrate.

ctrum

<AES and XPS> intensity of electrons transmitted and detected by a spectrometer with a dispersing
energy analyser, as a function of energy, E

Note 1 to entry: In retarding field energy analysers, which do not have a dispersing element, the direct spectrum
can be obtained from the first differential of the collected current with respect to the retarding energy.

Note 2 to entry: By convention, direct spectra in XPS (11.6) are often presented in the constant AE mode (12.64),
in which the spectrum approximates the true spectrum, whereas, in AES (11.1), spectra are often presented in
the constant AE/E mode (12.65), in which the spectrum approximates to E times the true spectrum.
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12.69

differential spectrum

<AES, XPS> differential of the direct spectrum (12.68) with respect to energy, E, by an analogue
electrode modulation (12.61) method or by numerical differentiation of that spectrum

Note 1 to entry: The modulation amplitude in eV or the number of points and the type of differentiating function
should be given.

12.70

Auger electron spectrum
plot of the Auger electron (12.32) intensity as a function of the electron kinetic energy (3.35), usually as
parf of the energy distribution of detected electrons

Note 1 to entry: When excited by incident electrons, the energy distribution of detected electrouns,oftgn measured
betyveen 0 eV and 2 500 eV, contains Auger electrons, backscattered (primary) electrons,(1243) anld secondary
elecfrons (12.2). The entire distribution is sometimes referred to as an Auger electron spectrum.

Note 2 to entry: The Auger electron spectrum can be presented in either the direct spectrum (12.68) of differential
spedtrum (12.69) formats.

12.71

ele¢tron energy loss spectrum
enefgy spectrum of electrons from a nominally monoenergétic source emitted after inelastic
intdractions with the sample, often exhibiting peaks due to speeific inelastic loss processes

Note 1 to entry: See characteristic electron energy losses (12.40)and plasmon (12.47).

Notg¢ 2 to entry: The spectrum obtained using an incidentselectron beam of about the same energy as an AES
(11.1) or XPS (11.6) peak approximates to the energy loss‘spectrum associated with that peak.

Notg¢ 3 to entry: The electron energy loss spectrumymeasured with an incident-electron beam, is g4 function of
the peam energy (8.33), the angle of incidence (8:1) of the beam, the angle of emission (8.5), and thle electronic
properties of the sample.

12.72

pedk energy
<AHS, EELS, ISS, UPS, XPS> energy value corresponding to the intensity maximum in a direqt spectrum
(12]68) or to the intensity minimium (i.e. the negative excursion) for a differential spectrum (12.69)

Note¢ 1 to entry: The energy vdlue can relate to the peak envelope for a group of overlapping peaks or to the
positions of constituent peaks obtained by peak synthesis (3.30).

Note 2 to entry: Fopthe/differential spectrum in AES (11.1), the modulation (12.61), or differentiatinig amplitude
shotild be given.

Note 3 to entry) The peak energies for the differential spectrum in AES are higher in kinetic energy|(3.35) than
thoge for the direct spectrum.

12.73
bindingenergy scate
electron energy axis used to display data in XPS (11.6).

Note 1 to entry: Peak energy (12.72) on the binding energy scale is not necessarily identical to binding energy
(12.16) due to final state (3.56) effects or uncertainty in energy referencing (12.74).

Note 2 to entry: See also Fermi level referencing (12.75), adventitious carbon referencing (12.77), internal carbon
referencing (12.78), gold decoration (12.79) and vacuum level referencing (12.76).
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12.74

energy referencing

<AES, XPS> method by which the charging potential (8.44) of a sample is determined in order to correct
the measured energies so that those energies correspond to a sample with no surface charge

Note 1 to entry: Energy referencing is often conducted using adventitious carbon referencing (12.77), using
internal carbon referencing (12.78) or by gold decoration (12.79).

Note 2 to entry: Different charging potentials can occur on different areas or at different depths in a sample,
arising, for example, from sample inhomogeneities or non-uniform intensity of the incident flux (8.18) of

radiation.

12.75

Fermi leve
<XPS, UPS:
energy (3.3
(11.6) or U

Note 1 to enftry: See vacuum level referencing (12.76).

12.76

vacuum le
<AES, XPS:;
to an elect

Note 1 to enftry: See Fermi level referencing (12.75).

12.77

1 referencing

> establishing the binding energy scale (12.73) for a particular sample by assigning the kin
}5) corresponding to the Fermi level (12.9), as determined by analysis of the sample's
PS (11.8) spectrum, as the point of zero binding energy

vel referencing
> method of establishing the kinetic energy (3.35) scale in whick’the zero point correspo
ron at rest at the vacuum level (12.10)

adventiti

<XPS> detprmining the charging potential (8.44) of a.particular sample from a comparison of
experimentally determined C 1s peak energy (12.72)/arising from adsorbed hydrocarbons on

sample, wi

Note 1 to e
(12.78).

Note 2 to entry: A nominal value of 285,0 €V is often used for the peak energy of the relevant C 1s peak on

binding ene
depending g

true peak efergy of the adsorbed hydrocarbons is not known.

Note 3 to ejf
at different
radiation fI

12.78

internal carbonreferencing

<XPS> me

(Fs carbon referencing

Lh a specified energy value

htry: See energy referencing (12.74), Fermi level referencing (12.75) and internal carbon referen

gy scale (12.73), although some analysts prefer specific values in the range 284,6 eV to 285,
n the nature of the substfate. This method does not determine the true charging potential since

try: Different sample charging (8.42) potentials can occur on different areas on the surface (3.2}
depths, arisinggfor‘example, from sample inhomogeneities or non-uniform intensity of the incid
x (8.18).

hed\by which the charging potential (8.44) of a particular sample is determined fro

etic
XPS

nds

the
the

cing

the
eV,
the

, or
ent-

1 a

compariso

h of the pypprimpnfqlly determined C 1s ppnk energy (1 2 7')) qricing from a cppr‘ifir‘ cad

on

group within the sample with a specified energy value for that carbon group

Note 1 to entry: See energy referencing (12.74), adventitious carbon referencing (12.77) and Fermi level referencing

(12.75).

Note 2 to entry: A hydrocarbon group within the sample is often used for this purpose.

12.79

gold decoration
<XPS> method whereby a very small quantity of gold, deposited as unconnected islands on an insulator,

is used for

energy referencing (12.74)

Note 1 to entry: See adventitious carbon referencing (12.77) and internal carbon referencing (12.78).
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Note 2 to entry: The gold can be deposited by evaporation or by immersion of the surface (3.2) in a solution that
produces a colloidal gold deposit.

Note 3 to entry: The binding energy scale (12.73) position for the Au 4f; , peak is often taken as 84,0 eV, although
measured values of this binding energy for gold deposited on a conducting substrate vary with the average gold

island diameter.

12.80

Auger parameter
<XPS> kinetic energy (3.35) of a narrow Auger electron (12.32) peak in a spectrum minus the kinetic
energy of the most intense photoelectron peak from the same element

Not

Not
spe

Not

Not
cha
is in

e 1 to entry: See initial-state Auger parameter (12.81) and modified Auger parameter (12.82).

e 2 to entry: The value of the Auger parameter depends on the energy of the X-rays, which| there
ified.

e 3 to entry: The Auger parameter is sometimes called the final state (3.56) Augenparameter.

e 4 to entry: The Auger parameter is useful for separating chemical states (12.23) for sampl

ging causes uncertainty in the binding energy scale (12.73) measurement.or in which the binding
adequate to identify the chemical state.

ore shall be

es in which
energy shift

Notg¢ 5 to entry: The Auger parameter is useful for evaluating the relaxation energy (3.59) of the iorjized matrix
atorph associated with the generation of a core hole (3.61) for those Auger transitions (12.33) between core levels
whifh have similar chemical shifts (12.18).

12.81

initial-state Auger parameter

<XHS> f, where f = 3E; + Ex and where Eg and Ep.are, respectively, the binding energy sdale (12.73)
posjtion of a photoelectron peak and the Fermi level (12.9) referenced kinetic energy (3.35) ¢f an Auger

elec
Not
Not
conf

bety

Not

synibol S.

12.
mo
<XH
peal
peal

Not

tron (12.32) peak, each involving the same\iiitial core level of the same element
e 1 to entry: See Auger parameter (12.80),and modified Auger parameter (12.82).

e 2 to entry: The initial-state Augerparameter is useful for evaluating the change in the atomic cg
ribution to changes in binding energy between two environments, providing the Auger transiti
veen core levels that have similar binding energy shifts.

b 3 to entry: This parameéter has no relation to the asymmetry parameter (12.28) which is als

B2

lified Auger parameter

S> sum of thé Fermi level (12.9) referenced kinetic energy (3.35) of a narrow Auger elect
in the spéctrum and the binding energy scale (12.73) position of the most intense ph
fronrthe same element

e Lto'entry: See Auger parameter (12.80) and initial-state Auger parameter (12.81).

re potential
n (12.33) is

o given the

ron (12.32)
toelectron

Note 2 to entry: The modified Auger parameter is the sum of the Auger parameter and the energy of the X-rays
responsible for the measured photoelectron peak. Unlike the Auger parameter, it does not depend on the energy
of the X-rays.

12.83

chemical-state plot

Wagner plot

<XPS> plot of the measured kinetic energy (3.35) of a sharp Auger electron (12.32) peak versus the
binding energy scale (12.73) position of a photoelectron peak for the same element

Note 1 to entry: Plots are usually made for a given element that can exist in different chemical states (12.23). Such
plots are helpful in defining the state for an unknown sample where measurements of the binding energy alone
are inadequate.
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Note 2 to entry: The binding energy is usually plotted on the abscissa with values decreasing towards the right.

12.84

photoelectron X-ray satellite subtraction

removal of

photoelectron X-ray satellite peaks (12.66) from a spectrum

Note 1 to entry: For unmonochromated Al and Mg X-rays, the satellites usually removed are Ka; 4, and Kas ¢. More
sophisticated subtraction methods also remove the Ka,, Ko, and KB satellites.

12.85

inelastic electron scattering background subtraction

<AES, XPS
spectrum

Note 1 to enftry: See inelastic background (12.46), Shirley background (12.86), and Tougaard background(12.8

Note 2 to en
(12.32) or g

which the incident-electron energy is close to the energy of the peak. The Tougaard backgtound is also use

simpler, buf
have also bd

12.86
Shirley ba
<AES, XPS
energy (3.3
energy is i
energies

Noteltoe
Note2toe

12.87
Sickafus b
<AES, XPS
electron (1

Note 1toen
should be t

measuring instrument.

Note 2 to entry: The spectrum-shape, for a Sickafus background B,(E), is given by

B (E)

where E is the electron emission kinetic energy and m is a number in the range 1 to 2.

12.88
Tougaard

I

£ Lode dan 1 .- L e ywn . L4221 1 d L el
PIULCSS TUL SUDULTAULITE d CHHUSTIN ITICTUSLIC SCULLTTINY (.4 ] UALRgTIUOULIU 1T UIIT LT IITA S

fry: For AES (11.1) and XPS (11.6), the inelastic background associated with a particuldb Auger elec
hotoelectron peak has been approximated by a measured electron energy loss spectrum (12.71

less accurate, inelastic background function is the Shirley background. Simple linear backgrot

en used, but these are much less accurate except for the XPS analysis of inswlators.

ckground
> background calculated to fit the measured spectrum atpgints at higher and lower kin

h a fixed proportion to the total peak area (3.16) abeve that background for higher Kin

ry: See Tougaard background (12.88).

ackground
> single-term power law background designed to describe the intensity of the second
D.2) cascade as a function of electron emission kinetic energy (3.35)

Lry: The measured secondary-electron cascade, for correction application of the Sickafus backgro
e experimentally observed spectrum corrected for the spectrometer response function (7.13) o

E—m

red

fron
for
d. A
nds

etic

5) than the peak or peaks of interest such that the background contribution at a given kinjetic

etic

ry: The fitting to the background can be made\by averaging over a given number of energy channels.

lary

ind,
the

background

<AES, XPS> intensity distribution obtained from a model for the differential inelastic scattering cross
section (12.39) with respect to energy loss (4.3) and the three-dimensional distribution of the emitting
atoms in the surface region

Note 1 to entry: See Shirley background (12.86).

Note 2 to entry: A number of classes of atomic distributions can be used together with different differential
inelastic scattering cross sections. The atomic distribution and the inelastic scattering cross section should be

specified.
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Note 3 to entry: The Tougaard background is usually calculated to match the measured spectrum over a wide
energy range that excludes the peak region and the spectral region extending to approximately 50 eV less kinetic
energy (3.35) than the peaks of interest. The measured spectrum should be corrected for the spectrometer
response function (7.13) of the measuring instrument before calculation of the Tougaard background.

12.89

partial intensity

<AES, EPES, REELS, XPS> total number of electrons in an electron spectrum, originating from a
given Auger transition (12.33) or photoelectric transition, or associated with primary electrons (12.1)
backscattered from a surface (3.2), per unit of excitation or of backscattering, that reach the detector

after participating in a given number of inelastic interactions of a given type

Not
inte
Thi
cort

Not
assq
calc

Not

12.

reduced partial intensity

<AH
Not

12.
ave
AM
<AR
by

con

Not

e 1 to entry: The zero-order partial intensity is the number of electrons, originating from
rest in the spectrum, that reach the detector without any inelastic interaction in the solidyor {
intensity is the area under the photoelectron or Auger electron (12.32) peak of interest ler und
esponding to the elastically backscattered electrons (12.3).

ciated with volume or surface effects. The inclusion or exclusion of specific types of inelastic s
ulations of partial intensities should be stated.

e 3 to entry: The partial intensity is a dimensionless number.

D0

S, EPES, REELS, XPS> ratio of the partial intensity (12.89)to the zero-order partial inten
e 1 to entry: The reduced partial intensity is a dimensionléess number.

D1

rage matrix relative sensitivity factor
RSF

S, XPS> coefficient, proportional to thé-intensity, calculated for an element in an avery
which the measured intensity for~that element is divided in calculations to yield
centration or atomic fraction of the'élement present in the sample

e 1 to entry: See sensitivity factor, elemental relative sensitivity factor (12.92) and pure elen

the peak of
he vacuum.
er the peak

e 2 to entry: In a solid, an electron can experience different types of inelastic scattering (4.2), syich as those

cattering in

bity

ge matrix,
the atomic

ent relative

senditivity factor (12.93).

Notg 2 to entry: The choice-ef atomic concentration or atomic fraction should be made clear.

Note 3 to entry: The-type of sensitivity factor utilized should be appropriate for the formulae jused in the
quaptification process-and for the type of sample analysed, for example homogeneous samples o1 segregated
layefrs.

Not¢ 4 to entry) The source of sensitivity factors should be given. Matrix factors (3.11) are taken to [be unity for
average matrix relative sensitivity factors.

Note 6-to entry: Sensitivity factors depend on parameters of the excitation source, the spectromdter, and the
oriemtatiomof tiresamptetothese partsof themstrument-The mumrericat vatuesof thesemsitivity factors can

also

depend on the method used to measure the peak intensities.

12.92

elemental relative sensitivity factor
<AES, XPS> coefficient proportional to the absolute elemental sensitivity factor (3.12), where the
constant of proportionality is chosen such that the value for a selected element and transition is unity

Note 1 to entry: Elements and transitions commonly used are C 1s or F 1s for XPS (11.6) and Ag M, sVV for AES
(11.1).

Note 2 to entry: The type of sensitivity factor used should be appropriate for the type of sample analysed, for
example homogeneous samples or segregated layers.
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Note 3 to entry: The source of sensitivity factors should be given to ensure that the correct matrix factors (3.11)
or other parameters are used.

Note 4 to entry: Sensitivity factors depend on parameters of the excitation source, the spectrometer, and the
orientation of the sample to these parts of the instrument. Sensitivity factors also depend on the matrix being

analysed, and in SIMS (19.1) this has a dominating influence.

12.93
pure elem
PERSF

ent relative sensitivity factor

<AES, XPS> coefficient, proportional to the intensity measured for a pure sample of an element, by which

the measu
atomic frag

Note 1 to e
sensitivity fd

Note 2 to enftry: The choice of atomic concentration or atomic fraction should be made clear,

Note 3 to
quantificati
layers.

Note 4 to er]

edimtensity for that etermment s divided i catcutationstoytetd-theatomic concentratio
tion of the element present in the sample

htry: See sensitivity factor, elemental relative sensitivity factor (12.92), and average matrix reld
ctor (12.91).

entry: The type of sensitivity factor used should be appropriate for the formulae used in
bn process and for the type of sample analysed, for example homogeneous samples or segreg

or other p
sensitivity

Note 5 to eftry: Sensitivity factors depend on parameters of the eXcitation source, the spectrometer, and
orientation [of the sample to these parts of the instrument. The admerical values of the sensitivity factors
also depend on the method used to measure the peak intensities:

12.94

valence-band spectrum

<XPS> pho
the samplg

13 Termss related to X-ray fluorescence, reflection and scattering methods

13.1
X-ray absg
XAFS

method to
higher) an
can be det¢

Note 1 to enjtry: XAAFS includes both EXAFS (13.2) and XANES (13.4). It involves transitions from a core-level t

unoccupied

try: The source of sensitivity factors should be given to ensure that the correct matrix factors (3
ameters are used. Matrix factors are significant and should‘bé ‘used with pure-element reld
ctors.

oelectron energy distribution arising from excitation of electrons from the valence ban|
material

rption fine structure’spectroscopy

absorption édge, over which fine structure (modulation of the X-ray absorption coeffici
cted

orbital or band and mainly reflects the local atomic structure and bonding (EXAFS) and the der

10r

tive

the

hted

.11)
tive

the
can

d of

measure the abserption of X-rays at energies near and above (typically several hundred eV

bnt)

D an
sity

of the unocd

upied electronic states (XANES).

Note 2 to entry: XAFS, XANES, and NEXAFS measurements usually start some 10 eV before the core-level binding
energy (12.16) (the absorption edge) of the emitting atoms because in many cases pre-edge features are used to
identify chemical bonds, e.g. pi* resonances (excitation into lowest unoccupied molecular orbitals) in C K-edge
spectra of polymer samples.

Note 3 to entry: Usefully sharp absorption edges are commonly observed in X-ray absorption spectra although
broader increases can be observed for some inner-shell excitations with short lifetimes.
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13.2

extended X-ray absorption fine structure spectroscopy

EXAFS

XAFS (13.1) in the energy region from the core-level edge to an energy several hundred eV higher

Note 1 to entry: Extended X-ray absorption fine structure results mainly from single scattering of the
photoelectron from surrounding atoms and is exhibited as oscillations in the absorption cross section with
increasing photon energy. Analysis of the oscillations provides information, through bond lengths, on the local

chemical environment of the emitting atom.

XA

Not
sur
orbi

Not
enel
iden
spe

Not
bro

13.
Sm;
SAX
met

Not
infol
100

Not

S (13.1) in the energy region near (within approximatelyd00 eV) an absorption edge

1 to entry: XANES results from interference in multiple scattering of low-energy photoe
ounding atoms. It provides information on the local-.céordination environment, oxidation stat
als, hybridization, and band structure (unoccupied electronic states).

e 2 to entry: XAFS, XANES, and NEXAFS measuréeéments usually start some 10 eV before the core-]
gy (12.16) (the absorption edge) of the emitting atoms, because in many cases pre-edge features
tify chemical bonds, e.g pi* resonances (éxcitation into lowest unoccupied molecular orbitals)
tra of polymer samples.

e 3 to entry: Usefully sharp absorption edges are commonly observed in X-ray absorption spect
der increases can be observed for some inner-shell excitations with short lifetimes.

D

ll-angle X-ray scattexing

(S

hod in which thé-elastically scattered intensity of X-rays is measured for small-angle def
e 1 to entry: The scattering is typically measured in the angular range up to 5°. This provide
rmation about inhomogeneities in materials with characteristic lengths typically ranging fr
nm. Under+Certain conditions the limit of 100 nm can be significantly extended.

e 2-toventry: Wide-angle X-ray scattering (WAXS) is an analogous technique, similar to X-ray crys

 secondary

hn generally

lectrons by
b molecular

evel binding
are used to
in C K-edge

ra although

lections

5 structural
m 1 nm to

tallography,

in w

hich scattering at larger angles, which is sensitive to periodicity on smaller length scales, is mea

ured.

13.6

gra

zing incidence small-angle X-ray scattering

GISAXS
method in which the elastically scattered intensity of X-rays from a reflecting surface is measured for
small glancing angle (8.2) deflections at grazing incidence (8.3)

Note 1 to entry: The glancing angle depends on photon energy and material and is typically < 2°. GISAXS provides
structural information of the surface or for particles on the surface for lengths scales between several nm and
several hundred nm.
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13.7

X-ray reflectometry

XRR

method of analysing surface (3.2) and interface (3.1) roughness and density, layer thickness of thin
layers, and the electron density profile by reflecting X-rays from a flat sample and analysing the
reflected intensity as a function of angle

Note 1 to entry: See specular XRR (13.8).

Note 2 to entry: Monochromatic X-rays of low divergence are required. Many layers can be modelled with
thicknesses between ~1 nm and a few pm and (subject to conditions) fitted to the data. The surface must be flat

over the bed

13.8

specular }
mode of XI
incident be

Note1toe
Note 2toe

Note 3 to e
scattered X

intensity dafta are usually presented as a function of g, or w.

139

off-specul
diffuse XR
XRR (13.7)
scattered i

Note 1 to enftry: See specular XRR (13.8).

Note 2 to er]
defects, and

13.10
X-ray emis
XES
method in
resolving p

13.11
total refle
TXRF
method in
(3.64) X-rd

|

m Jootprint (14.6) of typically 10 mm to 40 mm.

(RR
RR (13.7) in which the angle between the detected beam and the sample surface, and
am and the sample surface, are equal

ry: See off-specular XRR (13.9).
ry: Specular XRR is the customary mode for XRR and is often meant whemthe term XRR is used

ntry: In this case, the scattering angle (8.4) 26 is twice the glancing angle (8.2), w. The detec
ray intensity is measured as a function of either w or 26 or,thé scattering vector (14.2), q,.

ar XRR

R

in which significant scattered intensity arises from imperfections of the specimen,
htensity falling outside the specular condition

try: Imperfections generating diffuseXRR include surface (3.2) and interface (3.1) roughnesses,
inhomogeneities. By modelling, quantitative estimates can be made of these.

sion spectroscopy

which the X-ray fluorescent intensities from a surface are measured with high ene
pwer (10.5) to idéentify changes due to the chemical environments of elements

ction X-rayfluorescence

whicli™an X-ray spectrometer is used to measure the energy distribution of fluoresce
yS-emitted from a surface (3.2) irradiated by primary X-rays under the condition of t

the

ted,
The

the

film

rgy

nce
ptal

reflection

Note 1 to entry: See critical angle (14.5).

13.12
grazing in
GIXRF

cidence X-ray fluorescence

method in which X-ray fluorescence intensities are measured as a function of the glancing angle (8.2) of
incident X-rays

Note 1 to entry: For flat surfaces with low surface roughness an X-ray standing wave field modifies the excitation
beam intensity as a function of the glancing angle (8.2).
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Note 2 to entry: The angle of incidence covers the region below and above the critical angle (14.5) of total external
reflection of the substrate.

13.13

grazing emission X-ray fluorescence

GEXRF

method in which X-ray fluorescence intensities are measured as a function of the take-off angle (8.7) of
grazing exit (8.6) X-rays

Note 1 to entry: In contrast to GIXRF (13.12), the X-ray incidence can be perpendicular to the surface so that the
beam footprint (14.6) is not larger than the beam width.

Notg¢ 2 to entry: If a detector with spatial resolution is used, an angle-scan free operation without/mechanical
motfion is possible.

14| Terms related to X-ray fluorescence, reflection and scatteringanalysis

14.1
dispersion plane
<XHR> plane containing the source, detector, incident, and specularly®eflected X-ray beams

14.2
scattering vector
q
<XHR, SAXS, GISAXS> vector in reciprocal space giving:the difference between the scaftered and
incident wave vectors

Not¢ 1 to entry: See wave vector (14.3).

R, SAXS, GISAXS> vector in recipracal space describing the direction of propagation of|[X-rays and
l in magnitude to 2/ A, where A is'the wavelength of the X-rays

dislance over which the transmitted X-ray intensity falls by 1/e, where e is the base of the natural

ical angle
R, TXRF, GIXRF> angle between the incident beam and the specimen surface at|which the
ctivity is at the first point of inflexion

s VT I pPra al Cd ,TIe CI Al ar
has fallen to 50 % of that in the total external refl

here is generally small.

D 2 2 2 ed intensity
ection condition. The error

Note 2 to entry: The critical angle for a given specimen material or structure can be found by using simulation
software, or by calculation from the formula 6, ~ (26)%>, where 1-§ is the real part of the complex X-ray refractive
index given by n = 1- § - ifs.

14.6
beam footprint
<XRR, TXRF, GIXRF> area on the specimen irradiated by the X-rays

Note 1 to entry: In typical commercial equipment, the beam width is about 200 pm, so for example at 0,3° glancing

angle (8.2), the beam footprint is 38 mm long; at 1°, itis 11,5 mm. For 100 um incident beam width, these values
are halved.
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Note 2 to entry: The beam footprint along the beam direction can be reduced by the use of a suitable knife-edge
diaphragm mounted in a plane that is normal to the sample surface and whose normal, in turn, aligns with the
beam azimuth. The knife-edge is parallel to, and adjusted to be close to, the surface at the point where the X-ray
beam centre strikes the sample surface. This closeness limits the footprint size but also reduces the measured
signal intensity (3.17).

14.7

beam spill-off
<XRR> fraction of the incident X-ray beam missing the specimen

14.8

delayed omset

X-ray enerf
for which t

Note 1 to e
to the electy
correspond

14.9
jump ratig
ratio of the
just below

Note 1 to

photoionization thresholds, and a well-defined edge is not always observed at the threshold.

15 Termss related to glow discharge methods

15.1
glow discl
GDS

method in
(16.2) gene

Note 1 to enftry: This is a general term that éncompasses GDOES (15.3) and GDMS (15.2).

15.2

glow disch
GDMS
method in
discharge (|

15.3

glow disck
GDOES
method in

by, in an X-ray absorption spectrum, at which there is a significant increase of absorption

try: For many elements, there is a significant increase of absorption when the X-ray energy is e
on-binding energy for a sub-shell. A delayed onset occurs for some elements and sub-shells wher
ng increase of absorption occurs, instead, at an energy larger than the sub-shell binding energy.

X-ray absorption coefficient at an energy just above an absorption edge to that at an eng
the edge

bntry: X-ray absorption spectra can have complex shapes¢foy’ X-ray energies in the vicinit]

arge spectrometry

which a spectrometer is used to measure relevant intensities emitted from a glow dischg
rated at a surface (3.2)

arge mass spectrometry

which a mass spectrometer is used to measure m/z (20.1) and abundance of ions from a g
16.2) generated.at a surface (3.2)

arge optical emission spectrometry

he increased absorption occurs at a higher energy than a core-level binding energy. (12714

and

jual
the

rgy

 of

irge

low

Which an optical emission spectrometer is used to measure the wavelength and intensit

y of

light emitted from a glow discharge (16.2) generated at a surjace (3.2)

16 Term

16.1
plasma
<GDS> gas

s related to glow discharge analysis

consisting of ions, electrons, and neutral particles

Note 1 to entry: Gases are weakly ionized in glow discharge (16.2).
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16.2

glow discharge

phenomenon that results from the passage of electrical current through a gas and that is characterized
by emission of light, a low current density (about 0,01 A/m2 to 1 000 A/m?), and a potential that is
above the ionization potential of the gas but below the sparking potential

Note 1 to entry: In glow discharge surface-analytical instruments, sample material is introduced into the gaseous
discharge via bombardment of the surface (3.2) by positive ions and energetic neutral species. Sputtered atoms
are then excited and ionized by collisions in the discharge.

Note 2 to entry: Analytical glow discharge devices are usually operated in argon at a pressure in the range 10 Pa
to 2[000Pa:

16.3
abrnlormal glow discharge
<GDS> glow discharge (16.2) operated in a current/voltage regime in which an.increase in current is
accpmpanied by an increase in voltage

Note 1 to entry: See normal glow discharge (16.5).

Note¢ 2 to entry: Glow discharge devices used for surface chemical analysis are,usually operated in the abnormal
mode, rather than the normal mode. This is because abnormal operationiprovides sputtering (9.3) ¢f the entire
exppsed surface (3.2) of the sample, as well as increased signal intensities.

16.4
bogsted glow discharge
<GIS> glow discharge (16.2) sustained by a secondary means of coupling energy into the plgsma (16.1)
in addition to the primary means, sometimes providing,enhanced analytical signals

Not¢ 1 to entry: Forms of boosting the glow discharge include the use of microwave and rf fields (not to be
confused with unboosted rf glow discharge, in which rf excitation is the only power source), as|well as the
injeftion of extra plasma electrons by means of filaments or other electron sources.

16.
normal glow discharge
<GIS> glow discharge (16.2) operated in a current/voltage regime in which an increase in current is
accpmpanied by little or no detettable change in voltage

Note 1 to entry: See abnormal(glow discharge (16.3).

Note 2 to entry: Glow discharge devices used for surface chemical analysis are not usually operated i} the normal
mode. This is because-a portion of the exposed sample surface (3.2) remains unsputtered and signall intensities
can |be unacceptably weak. Such devices are usually operated in the abnormal mode.

16.6
pulked glow.discharge
<GIS> ,glew discharge (16.2) in which one or more of the discharge operating paramneters are
intgntionally varied in time in order to provide improved analytical performance

Note 1 to entry: The most common pulsed glow discharge involves modulation (12.61), in accordance with a
square-wave or similar function, of the electrical power maintaining the plasma (16.1). However, other forms of
pulsed glow discharge are possible.

Note 2 to entry: Both pulsed-DC and pulsed-rf glow discharges have been devised.
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16.7

jet-assisted glow discharge source

jet-enhanced glow discharge source

<GDS> glow discharge (16.2) device incorporating a means of directing high-velocity jets of plasma-
support gas directly towards the sample surface (3.2), intended to provide enhanced analytical signals

Note 1 to entry: This form of glow discharge device has been used predominantly for glow discharge atomic
absorption spectrophotometry. The jets enhance atomic absorption by aiding the transport of sputtered material
from the sample surface into the region of the negative glow (16.20) in which light absorption is measured.

Note 2 to entry: Jet-enhanced glow discharge devices find little use for depth profiling (3.34) because the craters
formed on tjie Sampte surface are not usuaily fiat.

16.8
anode
<GDS, DC gperation> more positively charged electrode in a glow discharge (16.2) device

Note 1 to enftry: See cathode (16.10) <GDS, DC operation>.

16.9

anode
<GDS, rf operation> electrode that is more positively charged over a largé fraction of the rf cycle [in a
radio-freqyiency-powered glow discharge (16.2) device

Note 1 to enftry: See cathode (16.11).

Note 2 to eptry: The rf power applied to a typical rf glow discharge_device that is used for surface chenjical
analysis is §inusoidal and bipolar, with a time-averaged electric potential of zero relative to ground poterftial.
The reason that the anode is not more positively charged over the‘entire rf cycle is that the magnitude of th¢ DC
bias (16.16)|is usually slightly less than one-half of the appliedittf peak-to-peak potential.

Note 3 to eptry: The precise fraction of the rf cycle overwhich the anode is more positively charged dep¢nds
upon the sofirce geometry and other factors.

16.10
cathode
<GDS, DC gperation> more negatively charged electrode in a glow discharge (16.2) device

Note 1 to enftry: See anode (16.8).

16.11

cathode
<GDS, rf operation> electroede that is more negatively charged over a large fraction of the rf cycle fin a
radio-freqyiency-powered-glow discharge (16.2) device

Note 1 to enftry: See @node (16.9).

Note 2 to eptrys The rf power applied to a typical rf glow discharge device that is used for surface chenjical
analysis is §ihtsoidal and bipolar, with a time-averaged electric potential of zero relative to ground poter:[tial.
The reason that the cathode is not more negatively charged over the entire rf cycle is that the magnitude of the
DC bias (16.16) is usually slightly less than one-half of the applied rf peak-to-peak potential.

Note 3 to entry: The precise fraction of the rf cycle over which the cathode is more negatively charged depends
upon the source geometry and other factors.
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16.12

secondary cathode

<GDS> electrically conductive mask, containing an aperture, used to allow sputtering (9.3) of an
electrically non-conductive sample surface (3.2) in a direct-current glow discharge (16.2) device

Note 1 to entry: The secondary cathode is placed in direct contact with the insulating-sample surface, and both
the secondary cathode and the surface of the sample within the aperture are exposed to the glow discharge. The
secondary cathode is held at cathode (16.10) potential, resulting in sputtering of its surface. Some of the material
sputtered from the secondary cathode is deposited on the insulating-sample surface within the aperture, causing

that surface to become electrically conductive. This results in sputtering of the insulating sample.

NOt E 2 LU CIILTY. ‘V‘V’htfll CICLLI lLdlly IIUII'LUllduLLiVC bdlllplt‘b b‘lldll ‘UC dlldlybCL‘l, LllC bCLUllddl y'LdLhU
proyides a useful alternative to an rf glow discharge.

16.13

shefath

ele¢trode sheath

<GI)S> region of plasma (16.1) adjacent to an electrode surface (3.2), characterized by a plasn
(16/18) that changes with distance from the electrode, being equivalent to the‘electrode pote
eledtrode surface and approaching the plasma potential of the surrounding plasma at suffic
distances

Note 1 to entry: These terms are usually applied to an rf glow discharge, (16.2), though they can also k
a D( glow discharge.

16.14

sheath potential

<GI)S> electric potential drop across a sheath (16.13)

Notg¢ 1 to entry: In surface chemical analysis, this terim is usually applied to an rf glow discharge (1
than to a DC glow discharge, for which terms such.aé cathode fall (16.15) are much more commonl

However, sheath potential can also be applied to.a DC glow discharge.

16.15

cathode fall

falllpotential

<GI)S> electric potential difference between the cathode (16.10) surface and the negative glo

Note 1 to entry: In direct-current glow discharge spectrometry (15.1) typically used for surface chemi
the pathode fall is usually dnythe range 200 V to 2 000 V, with the cathode surface being more negat

e technique

a potential
ntial at the
ently large

e applied to

6.2), rather
y employed.

W (16.20)

ral analysis,
ive. In an rf

glow discharge (16.2), the-cathode fall is time-varying, with a peak-to-peak value normally in the rafpge 500 V to

2040 V.

16.16

DC pias
DC pffset
self bias
<GSyt operation> time-averaged electric potential, relative to ground, developed on the st

irface (3.2)

3 3 DI T c . 13
Of theerectrode towiticir tire 11 power 15 appliced

Note 1 to entry: The DC bias arises as a result of the very different mobilities of the plasma (16.1) el
the positively charged plasma ions.

ectrons and

Note 2 to entry: The DC bias effectively limits sputtering (9.3) to the sample surface, preventing sputtering of

other surfaces in contact with the plasma.

Note 3 to entry: For a properly designed rf glow discharge (16.2) device used for surface chemical analysis, the
magnitude of the DC bias is slightly less than one-half of the applied rf peak-to-peak potential difference.

© IS0 2023 - All rights reserved

73


https://standardsiso.com/api/?name=de72cc9827d48ba7c7e0f13f40ef795a

ISO 18115-1:2023(E)

16.17
floating potential
<GDS> electric potential that develops on an isolated substrate immersed in a plasma (16.1)

Note 1 to entry: An isolated substrate cannot conduct charge to other parts of the instrument. Therefore,
averaged over time, the fluxes (8.18) of electrons and positively charged ions to its surface (3.2) shall be equal.
Given that electrons are much more mobile than positively charged ions, equal fluxes arise when the floating
potential is typically a few volts more negative than the plasma potential (16.18).

16.18
plasma potential
<GDS> eleqtricpotentiat of piasma (16-1) Tetative to anm appropriate Teference Such as ground potemntial

Note 1 to erftry: The plasma potential of direct current glow discharge (16.2) varies with location in the ,plagma.
The plasmalpotential of an rf glow discharge varies with both location in the plasma and time, according td the
phase of thg rf excitation.

16.19
anode glow
<GDS> thin luminous region of a glow discharge (16.2) immediately adjacent to the anode (16.8)

Note 1 to e:]:ry: See cathode layer (16.23), negative glow (16.20), and positive column(16.21).

Note 2 to enftry: The anode glow may not be noticeable in a glow discharge uséd for surface chemical analysig.

16.20
negative glow
<GDS> regjon of a glow discharge (16.2) from which most light is emitted and from which analytical
signals for|surface chemical analysis are usually derived

Note 1 to enftry: See cathode layer (16.23), positive column (16.21), and anode glow (16.19).

16.21
positive CHﬂumn
<GDS> diffjuse, luminous region of glow discharge (16.2) between the Faraday (16.28) and anode dark
spaces (16.25)

Note 1 to enIry: See cathode layer (16.23}negative glow (16.20), and anode glow (16.19).

Note 2 to enptry: The positive column is usually absent in glow discharge devices operated for surface chenjical
analysis, owing to the gas pressure.and the small separation between the electrodes.

16.22

afterglow
<GDS> luminescence \of the decaying plasma (16.1) present in a glow discharge (16.2) device affter
complete cpssation.ofthe sustaining discharge power

16.23
cathode layer
<GDS> thin luminous region of glow discharge (16.2) between the Aston dark space (16.26) and the
cathode dark space (16.27)

Note 1 to entry: See negative glow (16.20), positive column (16.21), and anode glow (16.19).
Note 2 to entry: The cathode layer may not be noticeable in a glow discharge used for surface chemical analysis.

16.24

dark space

<GDS> region of a glow discharge (16.2) that emits little light compared to the surrounding regions,
thereby appearing dark to the human eye
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16.25

anode dark space

<GDS> dark space (16.24) between the positive column (16.21) and the anode glow (16.19) in a glow
discharge (16.2)

Note 1 to entry: See Aston dark space (16.26), cathode dark space (16.27), and Faraday dark space (16.28).

16.26
Aston dark space

<GDS> very thin dark space (16.24) immediately adjacent to the cathode (16.10) in a glow discharge
(16.2)

Notg 1 to entry: See cathode dark space (16.27), Faraday dark space (16.28), and anode dark space(16|25).

Note 2 to entry: In glow discharge spectrometry (15.1) used for surface chemical analysis, the Aston dark space is
often not noticeable.

16.27

cathode dark space
<GDS> dark space (16.24) between the cathode layer (16.23) and the négative glow (16.20]) in a glow
disdharge (16.2)

Note 1 to entry: See Aston dark space (16.26), Faraday dark space (16.28),and anode dark space (16.2%).

—

Note 2 to entry: In glow discharge spectrometry (15.1) used for surface chemical analysis, the cathod¢ dark space
usually appears to occupy all of the space between the cathode (16:10) surface and the negative glow

Notg 3 to entry: In DC glow discharge spectrometry, the cathode dark space is characterized by a lajrge positive
spage charge and a strong electric field. This situation als$Q'occurs in an rf glow discharge over a largg¢ majority of
the rf cycle. As a result, efficient acceleration of charged particles occurs in the cathode dark space.

16.28

Farpday dark space
<GDS> dark space (16.24) between the negative glow (16.20) and the positive column (16.21) in a glow
disdharge (16.2)

Note 1 to entry: See Aston dark space (16.26), cathode dark space (16.27), and anode dark space (16.23).

16.29
ele¢tron impact ionization
<GDS> ionization resulting from collision of an atom, molecule, or ion with an electron

Note¢ 1 to entry: For€xample, M + e~ = M* + 2e~, where M* is a transition metal ion.

Noteg 2 to entry:‘Etectron impact ionization is possible only if the kinetic energy (3.35) of the relative mpotion of the
collsion partners exceeds the difference between

a) |the{product of the magnitude of the electronic charge and the ionization potential of the pdrticle to be
ionized, and

b) the potential energy of that particle prior to collision.

Note 3 to entry: In a glow discharge (16.2) used for surface chemical analysis, electron impact ionization usually
accounts for a large fraction of the total ionization occurring in the plasma (16.1). Therefore, it is a very important
physical mechanism for glow discharge mass spectrometry (15.2).

16.30
Penning ionization
<GDS> ionization resulting from collision with an atom that is in an electronically excited state (3.53)

Note 1 to entry: For example, Ar™s + M — Ar + M*+ e~, where Ar™s is a metastable Ar atom and M is a transition
metal.
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Note 2 to entry: Penning ionization is possible only if the sum of the excitation potential of the excited-state atom
and the kinetic energy (3.35) of the relative motion of the collision partners exceeds the difference between

a)

ionized, and

b)

the potential energy of that particle prior to collision.

the product of the magnitude of the electronic charge and the ionization potential of the particle thatis to be

Note 3 to entry: The probability of Penning ionization is directly related to the excited-state lifetime of the
excited-state collision partner. For this reason, Penning ionization usually occurs through collisions with
metastable species.

Note 4 to enmtry: In a glow discharge (16.2) used for surface chemical analysis, Penning ionization is usuall

important i
most comm

16.31
thermaliz
<GDS> eled

bnization mechanism, owing to the fact that the metastable energy levels of Ar, the discharge
bnly employed, lie sufficiently above the ionization potentials of most atomic analytes (3.49;

pd electrons

correspondling to the plasma temperature

16.32
primary e
<GDS> eled
been accel
energy (3.
plasma

Jectron

tron that enters the negative glow (16.20) region from the cathode dark space (16.27), hay
brated by the strong electric field within the cathode dafk)space, thereby having a kin
b5) that is among the highest of the kinetic energies.of any electrons present within

Noteltoe
Note2toe

16.33

secondary
<GDS> eleg
thermalize
electrons (]

Note 1 to e
depending g

16.34

|

ry: See secondary electron (16.33).

ry: This term is defined differently for AES (11.1)€lectron probe microanalysis, and SEM.
electron
tron with a kinetic energy (3.35) intermediate between the kinetic energies of primary

1 electrons (16.31), produced through ionization or incomplete thermalization of prin
6.32)

n the context.

electron impact excitatien

<GDS> eleg

Note 1 to er
(3.53).

tronic excitation of an atom, molecule or ion resulting from collision with an electron

try: For.example, M + e~ - M* + e~, where M* is a transition metal in an electronically excited $

trons which, following collisions in the plasma (16.1), have an equilibriumeenergy distribuf

 an
gas

—

on

ring
etic
the

and
ary

try: This term is defined differently for general use in 12.2. Both definitions are used in GDS (1b.1

tate

Note2to e

htry: In a glow discharge (16.2) used for surface chemical analysis, electron-impact excita

Fion

is believed

TO aCCOUTT fOT IOST Of TIE eIeCtronic excitations. 1hererore, ITIS a very 1mportant p[ly

mechanism for glow discharge optical emission spectrometry (15.3).

16.35

charge transfer
charge exchange
<GDS> transfer of charge from an atom, molecule or ion to another atom, molecule or ion
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16.36

asymmetric charge transfer

asymmetric charge exchange

<GDS> charge transfer (16.35) between an atom, molecule or ion and another atom, molecule or ion of a
different chemical species (3.5)

Note 1 to entry: For example, Ar* + M = Ar + M** where M is often a transition metal in GDS (15.1) applications
and M** is in an electronically excited, ionic state.

Note 2 to entry: Generally, asymmetric charge transfer is less efficient than symmetric charge transfer (16.37),
owing to the effects of energy overlap and quantum-mechanical considerations on reaction cross sections (4.7).

16.837

symmetric charge transfer
symmetric charge exchange
<GIS> charge transfer (16.35) between an atom, molecule or ion and another atom, molecule or ion of
the[same chemical species (3.5)

Note 1 to entry: For example, Ar* + Ar = Ar + Ar*. This reaction is believed to bean efficient mechgnism in the
catHode dark space (16.27) of an analytical glow discharge (16.2), resulting in d [arge population of fst Ar atoms
dirgcted toward the sample surface (3.2). These fast Ar atoms can contributesignificantly to sample sputtering
(9.3).

16.88

recpmbination
iontelectron recombination
<GI)S> addition of an electron to an ion with a net positive charge, resulting in a net charge|that is one
eletnentary charge unit more negative

Note 1 to entry: Energy and momentum cannot be sifhultaneously conserved in an ion-electron re¢ombination
progess that involves the collision of only an ion and an electron and that releases no additional pprticles. For
this|reason, recombination proceeds only through the involvement of a third collision partner, such as another
elecftron or a surface (3.2), or through the release of a photon.

16.89
radliative recombination
<GIS> ion-electron recombination\(16.38) involving the release of a photon

16.40

abyndance sensitivity
<GI)MS> ratio of the tn@ximum ion current recorded at a mass m to the ion current arisinlg from the
sanje species recordéed at an adjacent mass (m * 1)

[SOPRCE: IUPAC]

16.41
ion/beamratio
<GDMS>"intensity of the analyte (3.4) ion divided by the intensity of the matrix ion, both corrected for
isotoptcabumndance

16.42

emission yield

<GDOES> quotient of the time-integrated optical emission signal minus the signal background at a
specified wavelength by the mass of the emitting element sputtered in the time interval of interest

16.43

self-absorption

<GDOES> absorption of emitted light by a species, identical to the emitting species, positioned between
the emitting species, and the optical detector

Note 1 to entry: Self-absorption results in nonlinear calibration curves. Further, it produces broadened spectral
peaks because the probability of photon absorption is at a maximum near the peak maximum.
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16.44

self-reversal

<GDOES> severe self-absorption (16.43) that produces a local minimum of intensity near the centre of a
spectral peak

16.45

background equivalent concentration

<GDS> concentration of an element in a sample that would produce, in the absence of the background, a
signal intensity (3.17) equivalent to the measured background intensity

Note 1 to entry: In GDS (15.1), results are often expressed in mass fractions and so the background equivalent
concentratipn is usually expressed in these units.

16.46
preburning
presputtering
<GDS, bulkl materials> process of sputtering (9.3), prior to signal registration, employed.to allow stqady
state sputtering (9.27) to be established and analytical signals to stabilize

Note 1 to enftry: Preburning is used for stabilizing the glow discharge (16.2).

16.47
preburn
presputtering period

<GDS, bulkimaterials> period during which preburning (16.46) occurs

Note 1 to entry: Preburning is used for stabilizing the glow discharge’(16.2). Typical preburn times for GJJOES
(15.3) rangg from 30 s to 60 s, while those for GDMS (15.2) can beamnuch longer.

Note 2 to enfry: Glow discharge conditions used for preburn are*usually identical to those employed during signal
registration]. However, for some applications, they can be différent.

16.48
relative s¢nsitivity factor
RSF
<GDMS> coefficient for an element by which the measured intensity of a mass peak for that element,
divided by|the measured intensity of a-mass peak for a matrix element, is multiplied to yield the mass
fraction ofthat element in the sample.divided by the mass fraction of the matrix element

Note 1 to enfry: For a given GDMS{15)2) instrument, the relative sensitivity factors for all elements in the peripdic
table usually fall within approximately one order of magnitude, making semiquantitative GDMS analysis posgible
without the use of reference.materials (5.1) for calibration. However, quantitative GDMS analysis requireg the
use of refer¢nce materials-with a matrix similar to that of the sample in order to measure the relative sensitjvity
factors for the elementsyefinterest in that matrix using that particular GDMS instrument.

17 Termjs related to ion scattering methods

17.1
ion beam analysis

IBA

method designed to elucidate composition and structure of the near-surface atomic layers of a solid
material, in which principally monoenergetic, singly charged probe ions (18.1) scattered from the
surface (3.2) are detected and recorded as a function of their energy or angle of scattering (8.4), or both

Note 1 to entry: LEIS (17.2), MEIS (17.3), and RBS (17.4) are all forms of IBA in which the probe ion energies are
typically in the ranges 0,1 keV to 10 keV, 100 keV to 200 keV, and 1 MeV to 2 MeV, respectively. These classifications
represent three ranges in which fundamentally different physics is involved.
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17.2

low-energy ion scattering spectrometry

ion scattering spectroscopy

LEIS

ISS

method designed to elucidate composition and structure of the very outermost atomic layers of a
solid material, in which principally monoenergetic, singly charged probe ions (18.1) scattered from the
surface (3.2) are detected and recorded as a function of their energy or angle of scattering (8.4), or both

Note 1 to entry: LEIS is a form of IBA (17.1) in which the probe ions, typically He or Ne, have energies in the range
0,1 keV to 10 keV.

Note¢ 2 to entry: The acronym LEIS occasionally is written LEISS.

17.
meg¢ium-energy ion scattering spectrometry
MEIS

method designed to elucidate composition and structure of the outermost atomic layerq of a solid
maferial, in which principally monoenergetic, singly charged probe ions~(18.1) scattered from the
surface (3.2) are detected and recorded as a function of their energy or-angle of scattering (8}4), or both

Note 1 to entry: MEIS is a form of IBA (17.1) in which the probe ions, typieally protons, have energies fin the range
100[keV to 200 keV.

Notg¢ 2 to entry: By using channelling (18.18) and aligning the in¢ident-ion beam (8.8) along a crysfal axis, the
scafftering from the substrate can be suppressed so that enhanced signal quality and visibility ajre obtained
for smorphous overlayers. By further aligning the detector‘along a second crystal axis, the double-alignment
mode, the scattering from the substrate can be further suppressed, improving the signal quality and yisibility for
amdrphous overlayers to a high level.

Note¢ 3 to entry: In some cases, an angle-sensitive.detector is used that allows extensive structure and depth
proflile (3.32) information to be obtained.

Note¢ 4 to entry: The acronym MEIS occasjonally is written MEISS.

hich principally monhoenergetic, singly charged probe ions (18.1) scattered from the syrface with
a Ryitherford cross section (4.14) are detected and recorded as a function of their energy jor angle of

Note¢ 1 to entrysRBS is a form of IBA (17.1) in which the probe ions, typically He but sometimes H, hgve energies
in the range XMeV to 2 MeV. In its traditional form, a solid-state energy-dispersive detector is used. I} the form of
higl}-resolution RBS, the energy can be reduced to 300 keV and a high-resolution (ion optical) spectfometer can
be yseds

Note2=te-entrBy-usingchanneling-{18-18) -andaligninsthe-incident—ion-beam{8-8 alensa-erystal axis, the

scattering from the substrate can be suppressed so that enhanced signal quality and visibility are obtained for
amorphous overlayers.
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17.5

direct recoil spectroscopy

DRS

elastic recoil detection

ERD

elastic recoil detection analysis

ERDA

method to elucidate composition and structure of the outermost atomic layers of a solid material, in
which principally monoenergetic neutral atoms or singly charged probe ions (18.1) are used to sputter
(9.3) atoms or ions out of the solid surface, their energy being recorded at one or more angle of scattering

(8.4)

Note 1 to e:[
Note 2 to enftry: In the analysis, it is assumed that the recoiled atom or ion is from a single binary eldstic scatte

(4.1) event.

Note 3 to ern]
the spectru

Note 4 to e
many conce

17.6

particle-induced X-ray emission

PIXE
method in
a beam of §

Note 1 to er
in PIXE the
spatial resol

18 Termss related to ion scatteringanalysis

18.1

probe ion
ionic speci
known ang

18.2
target
<EIA, RBS3

18.3
thick targ

ry: See Rutherford backscattering spectrometry (17.4).

['he energy is the complement of the primary ion scattered ion energy.

try: By a suitable choice of scattering angle, the scattered primary ions (20.26)@an be removed f]
m.

ring

rom

htry: This method is often combined with Rutherford backscattering.spectrometry as they share

pts and instrumental items.

which the energies and intensities of X-rays emitted from a solid surface, under the action of

toms or ions, are detected

try: Unlike electron microprobe X-ray analysis, where the generating radiation is an electron bg
X-ray background is much reduced so that the\detection limits (3.9) are significantly improved w
uition (10.14) can be maintained.

ps intentionally produced by an ion source and directed onto the sample surface (3.2)

le of incidence (8.1)and a known energy

sample under investigation

pt

am,
hile

At a

<EIA, RBS

>“Sample whose thickness produces backscattered particles whose energies, for e

ach

constitutive element, vary greatly with respect to the spectrometer resolution (10.6)

18.4

thin target
<EIA, RBS> sample whose thickness is sufficiently small that the variation in energy of particles
backscattered from atoms of each constitutive element is small with respect to the spectrometer
resolution (10.6)

18.5

scattered ion
<ISS> probe ion (18.1) redirected towards the detecting system after a collision with a sample atom
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18.6
swift ion
ion moving with a velocity exceeding the Bohr speed of ¢/137 where c is the velocity of light

Note 1 to entry: For argon and gold, this criterion requires energies greater than 1 MeV and 5 MeV, respectively.

18.7
heavy particle
<ion analysis> particle heavier than an electron

Note 1 to entry: See heavy ion (3.41).

Note 2 to entry: The usage is that of the ion physics community and elsewhere the meaning can be different.

18.8
binpry elastic scattering peak
<IS$> detected signal which can be attributed to binary elastic scattering (4.1).6P an incident ion by a
surface atom of a particular mass

18.9
energy edge
<IS$, RBS> values of the backscattering energy (4.4) for an elementior for an isotope, that i§ located at
thefsurface (3.2) of the sample

<IS§, RBS> simplification of calculations involving the energy of an ion passing through a sdlid sample,
where the energy of the ion at the surface (3.2) is useddn place of a properly averaged energy

Notg 1 to entry: This approximation is used to determine the energy at which scattering or stopping clross sections

<IS$, RBS> quotient of the total energy'loss (4.3) of a particle scattered at a given depth in the sample,
and detected at a given angle, by the product of the atomic density of the sample atoms and the depth of

<RBS> quotient of thie’/number of detected particles in an interval of backscattering energy (4.4) by that

scafteredion energy
<IS$> Kinetic energy (3.35) of a scattered ion (18.5)

Note 1 to entry: Following binary elastic scattering (4.1), the kinetic energy of the primary or probe ions (18.1), E,,
is given by

1 2
By =Eq[M /(Mo +My)[* {cos0+| (M /My ) ~sin” 6 |2

where
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is the kinetic energy of the scattered probe ion;
is the kinetic energy of the incident probe ion prior to scattering;
is the mass of the probe ion;

is the mass of the target atom;

is the angle between the initial and final velocity vectors for the probe ion, as determined from a

common origin in the laboratory coordinate system, expressed as a value between 0° and 180°.

18.14
scattered
<ISS> ratid
collision

18.15

kinematic
<RBS, 1SS>
laboratory]|

Note 1 to en
or RBS (17.4

preferred since the isotope is correctly identified.

18.16

experimental scattered ion intensity

<ISS> mea
the sample
spectrum (|

18.17
theoreticd
<ISS> calc
direction

Note 1 to entry: For binary elastic scattering'(4.1), the scattered-ion intensity is defined by

jon energy ratio

of the scattered ion energy (18.13) to the energy of the incident probe ion (18.1) prior

factor
ratio of the projectile energy after an elastic collision to that before‘the collision in
frame of reference

try: The symbol K is often used for the kinematic factor and may haveya subscript added in ISS (1
) measurements, denoting the target atom as either, say, Ks; or K4g: The subscript for atomic ma

ured response of the energy filtering and detectiofr system as a consequence of bombar¢
material with an ion beam (8.8), usually presented as the ordinate of an ion scatte
[8.23)

I scattered ion intensity
hlated intensity for the probe ions (18.1) scattered into a specified solid angle at a g

o a

the

7.2)
5S 1S

ling
ring

ven

where
1,(6) is the'gcattered-ion intensity from atoms of species i at a given angle of scattering (8.4),
6, innions-per second;
I, i's the intensity of incident probe ions, in ions-per second;
N; is the number of scattering centres of species i per unit area of surface (3.2) accessible
to the incident beam, in atoms-per square metre;
P, is the probability that the probe ion remains ionized after interacting with an atom of
species i;
Q; is the geometric or shadowing factor for speciesiin the given environment and geometry;
(do;/d2)6 is the differential elastic scattering cross section (4.9) for species i, taken at the angle for
which scattering is measured, i.e. the angular distribution of the scattered-ion intensity
per unit flux (8.18) of incident ions per atom of species i, in square metres-per atom-per
steradian;
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AQ is the solid angle of acceptance, determined by the entrance of the filtering and detection
system, in sr;

T is the fractional transmission of the analysing and detection system.

18.18

channelling

preferential motion of energetic particles along the crystal axes of a crystalline solid as the particles
move through the sample

substantial
subsequent dechannelling deeper in the crystal. In these cases, the point defect coneentrations have to be greater

<IS$, RBS> experimental arrangement wherein the atom rows(orplanes of a single-crystal tdrget (18.2)

ion|scattering spectrometer
<IS$> instrument capable of generating a primary~beam (8.10) of principally monoenerggtic, singly
chafged, low-energy ions and determining the energy distribution of the primary ions (20.24) that have
beeh scattered from a solid surface (3.2) through a known angle

Notg 1 to entry: For applications in surface.chemical analysis, the primary ions are commonly of rarg-gas atoms
witlh energies in the range 0,1 keV to 10 keW.

18.21
solid angle of detector
<RBS> solid angle intercepted-by the detector from an origin at the centre of the beam spot

18.22

pilgup
<MEIS, RBS> counts-<(3.18) in a backscattering spectrum (18.24) arising from two or moie separate
events that occur’so closely in time that the signals are not resolved by the detection system and cause
coupts to be re¢orded in erroneous channels

Notg 1 toensry: See dead time (7.17).

18.23

ion scattering spectrum
<ISS> plot of the intensity of ions, scattered from a sample, as a function of the ratio of the scattered ion
energy (18.13) to the incident-ion energy

18.24
backscattering spectrum
<RBS> plot of backscattering yield (18.12) versus backscattering energy (4.4)

18.25

aligned incidence spectrum

<EIA, ISS> backscattering spectrum (18.24) recorded with the analysing beam aligned with
crystallographic axes or planes of the sample that produce channelling (18.18)
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18.26

random incidence spectrum
<EIA, ISS> backscattering spectrum (18.24) recorded with the analysing beam incident on the sample in

a direction

such as to produce no channelling (18.18)

19 Terms related to surface mass spectrometry methods

19.1

secondary-ion mass spectrometry

SIMS

method in which a mass spectrometer is used to measure m/z (20.1) and abundance of secondary.
(20.28) emfitted from a sample as a result of bombardment by energetic ions

Noteltoe

19.2
secondary
SNMS
method in
secondary

Note 1 to ¢
methods.

19.3

static SIM
SIMS (19.1)
altered to 4

Note 1 to enftry: See dynamic SIMS (19.4).

Note 2 to {
the disappe
dependencg
(20.25) beir

19.4
dynamic S
SIMS (19.1]
original su|

Noteltoe
Note2toe

19.5
G-SIMS

|

ry: See dynamic SIMS (19.4), static SIMS (19.3), and G-SIMS (19.5).

neutral mass spectrometry

which a mass spectrometer is used to measure m/z (20.1) and abundance of post-ion
neutral species emitted from a sample as a result of particle bombardment

fons

zed

ntry: The neutral species can be detected by using plasma (16.1), electron, or photon-ionization

)
in which the primary ion (20.26) dose (8.20) is kept low enough that the original surfac
in insignificant extent during the experiment

ntry: For static conditions the primary ion dose should be small compared to the reciprocs
hrance cross section (20.16). A typical(dimiting value for dose is 1017 ions per square metre, Y
on the material of the sample, the primary ion beam (8.10) and the size of the molecular fragm
g analysed.

IMS
in which the material surface (3.2) is sputtered (9.3) at a sufficiently rapid rate that
rface cannot be regarded as undamaged during the analysis

ry: DynamicSIMS is often simply termed SIMS.

ry: The ion areic dose (8.20) during measurement is usually more than 1016 ions per square met

eis

I of
vith
ents

the

re.

. f e CIAAC 40 D - IS TS | —— ] £, 1 . + + £ +1
variant o SLULIC olivio (L7.0 J 1T WILICIT LIIT TTIILCIISIULICS TUI CAUID TIId S5 1IN LWU SPTLLld TTUIID ULIC SdITIC d

ea,

recorded with different beam energies or different bombarding ions, are ratioed to each other and the
result is used to scale one of the spectra to generate a new spectrum

Note 1 to entry: As with static SIMS, the ion areic dose (8.20) during measurement is restricted to less than
1016 jons per square metre to an extent that depends on both the material of the sample and the size of the
molecular fragments (20.25) being analysed.

Note 2 to entry: The G-SIMS spectrum enables the mass of whole molecules on the surface (3.2) to be determined
more readily than in static SIMS.

Note 3 to entry: The “G” in G-SIMS originally indicated the gentleness of the process generated.
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19.6

G-SIMS-FPM

G-SIMS with fragmentation pathway mapping

development of G-SIMS (19.5) in which the g index (20.64) is varied in order to deduce the linkages
between daughter ions (20.33) and parent ions (20.32)

19.7
FAB-SIMS
<SIMS> SIMS (19.1) in which the primary-ion beam (8.10) is replaced by a fast-atom beam

19.8

fast atom bombardment mass spectrometry
FABMS

method in which a mass spectrometer is used to measure m/z (20.1) and abundance of’secondary ions
(20]28) emitted from a sample in a liquid matrix as a result of the bombardment by'fast neutiral atoms

19.
mafrix-assisted laser desorption/ionization mass spectrometry
MALDI

method in which a time of flight (20.49) mass spectrometer is used to measure m/z (20.1) and pbundance
of ipns emitted, as a result of a short pulse of laser illumination, from™a sample whose analyte (3.4) is
confained in an ion-assisting matrix

Not¢ 1 to entry: The matrix used for assisting the ion emissien‘\vequires a strong absorbance pt the laser
wavelength and a low enough mass to be sublimable. Examples of matrices for 337 nm wavelength laser light
are [2,5-dihydroxybenzoic acid (DHB), 3,5-dimethoxy-4-hydroXycinnamic acid (sinapinic acid), and a-cyano-4-
hydroxycinnamic acid (CHCA).

Notg¢ 2 to entry: MALDI is used to analyse non-volatile polar biological and organic macromoleculgs as well as
polymers to masses of over 3 000 kDa.

method in which amadss spectrometer is used to measure m/z (20.1) and abundance of ioniZed entities
a sample that has been mixed with a matrix whose role is enhancing the ion yield pfoduced by
lasqr ablationand electrospray ionization

Not¢ 1 toentry: See DAPPI (19.16), DESI (19.12), EESI (19.21), and ELDI (19.20).

Notg¢ 2%0 entry: The matrix, e.g. glycerol, allows efficient absorption of the laser energy and assists th¢ desorption
of the analyte (3.4) molecules in the ejected charged droplets.

Note 3 to entry: Both positive and negative ions are observed.

19.12

desorption electrospray ionization

DESI

method in which a mass spectrometer is used to measure m/z (20.1) and abundance of ionized entities
emitted from a sample in air as a result of the bombardment by ionized solvent droplets generated by
pneumatically assisted electrospray ionization

Note 1 to entry: Water and methanol are often used as the solvents to create the droplets. Acids and alkalis are
added to control the solution pH.
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Note 2 to entry: DESI is one of the few surface analysis methods designed to analyse materials without exposure
to vacuum. It is used for complex molecules, organic molecules, and biomolecules. In vivo analysis is claimed to
be possible.

19.13

reactive DESI

mode of DESI (19.12) with reactive chemicals within the spray solution to enhance the analytical
specificity

19.14

direct analysis in real time

DART

method in which a mass spectrometer is used to measure m/z (20.1) and abundance of ionized entJties

emitted fr¢m a sample in air as a result of the interaction with a beam containing metastable,Jexcjted
atoms heatled to ~500 °C

Note 1 to enftry: See DAPCI (19.17) and PADI (19.15).

Note 2 to enftry: DART is the registered trademark of JEOL, USA, Inc. This information is given’for the conveni¢nce
of users of this document and does not constitute an endorsement by ISO of the prfoduct named. Equivdlent
products cap be used if they can be shown to lead to the same results.

Note 3 to enftry: The beam atoms usually used are helium, nitrogen, or neon.

Note 4 to enptry: Both positive and negative ions are observed although theumechanism for positive ions cah be
through pr¢tonation involving water molecules and the process for negative ions through Penning ionizdtion
(16.30).

19.15
plasma-assisted desorption ionization
PADI
method in which a mass spectrometer is used to measure m/z (20.1) and abundance of ionized entities
emitted frgm a sample in air as a result of the bombardment by a focused plasma (16.1)

Note 1 to entry: See DART (19.14) and DAPCI (19:379:
Note 2 to enftry: The energy of the plasma iensis very low.
Note 3 to enftry: The plasma gas is usuyally’helium, nitrogen, air, or argon.

Note 4 to efjtry: Both positive and\negative ions are observed although the mechanism for positive ions cah be
through pr¢tonation involving“water molecules and the process for negative ions through Penning ionizdtion
(16.30).

19.16
desorptioh atmospheric pressure photoionization
DAPPI
method in whieh'a mass spectrometer is used to measure m/z (20.1) and abundance of ionized entities
emitted fr¢nmia sample in air as a result of desorption by a jet of hot solvent vapour and ionizationp by
ultraviolet light

Note 1 to entry: See DESI (19.12), EESI (19.21), ELDI (19.20), LAESI (19.19), and MALDESI (19.11).
Note 2 to entry: The desorption mechanism is thermal.

Note 3 to entry: Both positive and negative ions are observed.
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19.17

desorption atmospheric pressure chemical ionization

DAPCI

method in which a mass spectrometer is used to measure m/z (20.1) and abundance of ionized entities
emitted from a sample in air as a result of a nearby corona discharge in a carrier gas

Note 1 to entry: See DART (19.14) and PADI (19.15).
Note 2 to entry: The carrier gas is usually nitrogen.

Note 3 to entry Both p051t1ve and negatlve ions are observed with the mechanisms involving protonation

ized entities

ized entities

emitted from a sample in air as a result of laser ablation and electrospray ionization

Note¢ 1 to entry: See DAPPI (19.16), DESI (19.12), EESI (19.21), ELDI (19.20), and MALDESI (19.11).
Note 2 to entry: The laser wavelength is usually in the infrdred region.

Note 3 to entry: Both positive and negative ions are observed with the mechanisms involving protonation
thrqugh water molecules and ionization through théPenning process.

method in which a mass spectrometer is used to measure m/z (20.1) and abundance of ioniZed entities
emitted from a sample in air vialablation by a focused pulsed laser while simultaneously dfrecting an
eledtrospray jet through the desorbed plume to enhance sample ionization

Not¢ 1 to entry: See DAPPI(19:16), DESI (19.12), EESI (19.21), LAESI (19.19), and MALDESI (19.11).
Note¢ 2 to entry: The desorption mechanism is thermal.
Note 3 to entry: Bath positive and negative ions are observed.

Note 4 to entry: With the addition of a matrix on the sample, this is termed matrix-assisted lasell desorption
elecfrosptay-ionization (MALDESI).

Not¢ 5.to entry: With the use of an infrared laser for ablation, this has sometimes been termed laser ablation
electrospray ionization (LAESI).

19.21

extractive electrospray ionization

EESI

method in which a mass spectrometer is used to measure m/z (20.1) and abundance of ionized entities
emitted from a sample in air as a result of an inert gas being passed over the sample to pick up the
molecules which are subsequently ionized by ionized solvent droplets generated by pneumatically
assisted electrospray ionization

Note 1 to entry: See DAPPI (19.16), DESI (19.12), ELDI (19.20), LAESI (19.19), and MALDESI (19.11).

Note 2 to entry: Both positive and negative ions are observed.
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20 Term
20.1

s related to surface mass spectrometry analysis

mass-to-charge ratio

m/z

the positive absolute value of the quantity formed by dividing the mass of an ion by the unified atomic
mass unit (3.6) and by its charge number

20.2

nominal mass
particle mass, in unified atomic mass units, u (3.6), rounded to the nearest integer

20.3
degree of

onization

<SIMS, FABMS> quotient of the number of ions of a species emitted by the number of sputtered (P.3

particles o

20.4

sputtering
ratio of th
primary pe

20.5

fractional
ratio of th
number of

Note 1 to 4
sputtering y

20.6

partial sp
ratio of th
number of

Note 1 to en
ion yield (20

20.7

total iony
ratio of the
particles

Note 1 to en
ion yield (20

Note 2 to e

Fthat species

b yield
e number of atoms and ions sputtered (9.3) from a sample to the-total number of incig
rticles

sputtering yield
e number of atoms and ions of a particular species sputtered from a sample to the t
ntoms and ions sputtered from the sample

ntry: See fractional ion yield (20.13), negative-ion.yield (20.10), partial ion yield (20.12), pa
feld (20.6), positive-ion yield (20.11), and total ion yield (20.7).

ittering yield
e number of atoms and ions of a particular species sputtered from a sample to the t
incident particles

try: See fractional ion yield (20.13),fractional sputtering yield (20.5), negative-ion yield (20.10), pa
.12), positive-ion yield (20.11);and total ion yield (20.7).

ield
total number of;ioiTs of both signs sputtered from a sample to the total number of incic

try: See fractional ion yield (20.13), fractional sputtering yield (20.5), negative-ion yield (20.10), pa
.12), partial sputtering yield (20.6), and positive-ion yield (20.11).

try=The total ion yield is often used where, more correctly, the writer means the total negativg

yield or the

lent

ptal

tial

ptal

tial

lent

tial

-ion

total positive-ion yield rather than their sum.

20.8

secondary-ion yield
ratio of the total number of ions sputtered (9.3) from a sample to the total number of ions incident with
a given mass, energy, charge, and angle of incidence (8.1)

209

secondary-electron yield

secondary-electron emission coefficient
<GDS, SIMS> ratio of the total number of electrons emitted from a sample to the total number of
particles incident upon the sample surface (3.2)

Note 1 to entry: Secondary-electron yield is sometimes given for a particular type of energetic incident particle

such as Ar+.
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20.10

negative ion yield

ratio of the total number of negative secondary ions (20.28) sputtered from a sample to the total number
of incident primary particles

Note 1 to entry: See fractional ion yield (20.13), partial ion yield (20.12), and total ion yield (20.7).

20.11

positive ion yield

ratio of the total number of positive secondary ions (20.28) sputtered from a sample to the total number
of incident primary particles

Note 1 to entry: See fractional ion yield (20.13), partial ion yield (20.12), and total ion yield (20.7).
ial ion sputtering yield

ratip of the number of ions of a particular species sputtered from a sample*to the total [number of

Not¢ 1 to entry: See fractional ion yield (20.13), fractional sputtering yield (20:5), negative-ion yield (2(.10), partial

ratip of the number of ions of a particular species sputtered from a sample to the total [number of

<SIMS> ratio of the number of ions of a particular isotope detected to the total number of afoms of the

<SIMS> atomic fraction or concentration of impurity species in a homogeneous matrix below which the

ppearance cross section
<SIMS> cross ségtion (4.7) for the loss of intensity of an ion signal observed as a refult of the
bombardment By primary ions (20.26)

Note 1 to entry: See damage cross section (4.27).

Notg¢ 2-to entry: The ion signal used is usually that for a large or characteristic fragment of the molecyle, such as a
cationized (ZU.22], protonated molecules (Z0.20J, ot deprotonated molecule (Z0.21) from the molecule, at a surface
(3.2).

Note 3 to entry: Disappearance implies that no signal of a species under consideration can be detected from this
area in further experiments. The respective material can either be desorbed from the surface by the experiment
or remain in a fragmented or damaged state on the surface.

20.17

efficiency

<SIMS> quotient of the measured yield of an ion species (3.36) per primary ion (20.26) and the
disappearance cross section (20.16)

Note 1 to entry: See ionization efficiency (3.45).
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20.18
polyatomic ion
charged multi-atom species

Note 1 to entry: Dimer and trimer ions are specific examples of polyatomic ions containing two and three atoms,
respectively.

20.19

molecular ion

ion formed by the removal from (positive ions) or addition to (negative ions) a molecule of one or more
electrons without fragmentation (20.23) of the molecular structure

[SOURCE: JUPAC]

Note 1 to enptry: Protonated molecules (20.20) and deprotonated molecules (20.21) are often of greatewinter]sity
than the molecular ion (20.19) in SIMS, MALDI and ambient surface mass spectrometry.

20.20
protonated molecule
molecule tg which a proton has been added to form a positive ion

20.21
deprotongdted molecule
molecule ffom which a proton has been removed to form a negative ion

20.22
cationized molecule
positively ¢harged ion resulting from a neutral molecule combining with a cation (3.43)

Note 1 to eptry: Cationization is a common ionization mechahism in the analysis of monomolecular layerf on
noble metallsubstrates in static SIMS (19.3). There, a cation.from the substrate (e.g. Ag*) leads to the formatidn of
a (M+Ag)* quasi-molecular ion. From thicker layers, cationization by ions from salts is observed [e.g. (M+Na)f].

20.23
fragment3tion
breakdown of a molecule or ion to form one or more ions or neutral species of lower mass whilst
conserving the total charge

20.24
polyatomic fragment
ion or neutral particle compaSed of three or more atoms

20.25
molecular| fragment
ion or neutral particle that was part of a larger molecular structure and contains information aljout
that structpre

20.26
primary iom
ion extracted from a source and directed at a sample

Note 1 to entry: See probe ion (18.1) and secondary ion (20.28).

20.27

transformation probability

<SIMS> probability of a defined charged or neutral species being produced, by consumption of a defined
parent atomic or molecular configuration at a surface (3.2), as a result of sputtering (9.3)

20.28

secondary ion

ion ejected from a sample surface (3.2) as a result of energy and momentum transfer from a primary ion
(20.26)
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20.29
secondary-ion angular distribution
number of secondary ions (20.28) as a function of angle of emission (8.5)

20.30

secondary-ion energy distribution

number of secondary ions (20.28) as a function of their kinetic energy (3.35) at a specified collection
angle

20.31
fragment ion
chafged dissociation product arising from ionic fragmentation (20.23)

[SOPURCE: IUPAC]
Note 1 to entry: See daughter ion (20.33) and metastable ion (20.34).

Note 2 to entry: Fragment ions can dissociate further to form other electrically gharged moleculdr or atomic
moigties of successively lower mass.

20.B2

parjent ion

prejcursor ion

ion that subsequently fragments into smaller ions or neutral pasticles

20.83
dayghter ion
product ion
eledtrically charged product formed from a parent'ion (20.32) or from a neutral entity gemerally of a
larger size

Notg 1 to entry: Formation of the product does pot necessarily involve fragmentation (20.23). It can, for example,
invdlve a change in the number of charges carried. Thus, all fragment ions (20.31) are daughter iong, but not all
daughter ions are necessarily fragment ions.

20.84
metastable ion
ion that spontaneously fragnients between emission and detection

Note 1 to entry: See metastable background (20.36).

20.85
unimolecular dissociation
spoptaneous disSociation of a molecule into two or more fragments

Note 1 to enthy’ This term is often applied to the fragmentation (20.23) of a metastable ion (20.34).
20.36

metastable background

<SIMS> intensity in the mass spectrum (20.58) arising from ions that spontaneously fragment between
emission and detection

Note 1 to entry: In reflectron (20.50) time of flight (20.49) mass spectrometers, the decay of metastable ions
(20.34) leads to broad peaks at a mass dependent on the drift energy and reflector voltage (20.52). Good design
minimizes these background signals (3.21).

20.37
mass analyser
device for dispersing and detecting particles as a function of their mass-to-charge ratio (20.1)
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20.38

cluster SIMS
<SIMS> SIMS (19.1) utilizing a primary beam (8.10) composed of cluster ions (3.44)

Note 1 to entry: Cluster ion sources are often used in static SIMS (19.3) to enhance molecular signals and in
dynamic SIMS (19.4) to enhance depth resolution (10.18).

20.39

extraction field

<SIMS> ele

Note 1 to entry—Theextractiom fieldcamr be putsed or comnstant, depending o the type of instrumment.

20.40

extractor
<SIMS> vo
to facilitatg

Note 1 to ¢
electrode, d

20.41
extractior

<SIMS> voltage between the electrodes used to define the extractioit. field (20.39) occurring in

period bet)

Note 1 to enftry: This term is used in time of flight (20.49) SIMS instruments.

Note 2 to en
electrons tg
deflect seco
entering the

20.42
pulsed ex{
<SIMS> ex
ions for the
atalowva

Note 1 to enftry: This is the usual mode in time of flight (20.49) SIMS (19.1) systems either for studying insula

where the c
using a secd

20.43

post-ioniz
<APT, SIM
charge nur

ctric field above the sample, operational during ion emission from the sample

voltage
tage, referenced to the sample, of the electrode defining the field above the sample and y
e the introduction of emitted ions into the mass spectrometer

ntry: This voltage, together with the separation distance between the sample and the extra
efines the extraction field (20.39).

bias

veen ion pulses in the pulsed-extraction mode

try: The extraction bias can be set to zero or it can be set at a particular value to deflect low-en
the sample for charge neutralization (8.45) or, in dual-ion-beam systems for depth profiling (3.34
hdary ions (20.28) generated by the sputter depth’profiling (9.1) ion gun in order to prevent them f
mass spectrometer and generating background counts (3.18).

raction field

traction field (20.39) around the-sample that is pulsed to the working value for extrac
 time necessary for operation of a time of flight (20.49) mass spectrometer but is othery
ue

harge neutralization (8.45) is established while the extraction field is off, or for depth profiling (3
nd ion beam (8.8)@hile the extraction field is off.

ation
b, SNMS,\MALDI> mechanism through which ions or atoms are ionized to a higher abso
hber after emission from a surface

sed

ctor

the

Ergy
), to
rom

[ing
Vise
ors,

.34)

lute

20.44

beam bunching
<SIMS> reduction in the spread of arrival times of an ion pulse by reduction in the speed of the leading
ions or acceleration of those at the trailing edge of the pulse

Note 1 to entry: See beam blanking (7.22) and beam chopper (20.48).

Note 2 to entry: This procedure can degrade the optimum focus of the ion beam (8.8) since different ions
experience different fields.

92

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=de72cc9827d48ba7c7e0f13f40ef795a

ISO 18115-1:2023(E)

20.45
buncher

device to shorten the time length of a pulse of ions so that they arrive at a point over a reduced time

interval
Note 1 to entry: The point is usually the sample surface.

20.46

dual-beam profiling

<SIMS> sputter depth profiling (9.1) involving two ion guns

S 0l the sample to reduce

NotfTTo entry: Two similar 100 guns can be used in OpposSIte azimu €q

of tgpography.

Note 2 to entry: In time of flight (20.49) mass spectrometers, one beam is used with a short on-time
(19.1) analysis while a second is used during the period when the first is off and the mass analys
completed in each cycle. The second gun provides the ions for sputter removal of theysample to for
profiile (3.32). This combination allows practical sputtering rates (9.19) to be achjeved and the pr
optimized separately from the optimization for the SIMS analysis.

20.47

anglyser blanking
<SIMS> action to prevent secondary ions (20.28) from travelling through the mass spectrg
beipg detected

20.48

bedm chopper

<SIMS> electrostatic or electromagnetic device used ¢o generate pulses of ions from a con
beam (8.8)

Note 1 to entry: See beam blanking (7.22) and beambuinching (20.44).
Note¢ 2 to entry: The beam chopper can be used.te define the pulse length and hence the mass resoluti

a time of flight (20.49) mass spectrometer angd-it can also be used to select particular ions in a beam t
morje than one species.

20.49

time of flight
TO

ToH

<SIMS> total time takémfor ions of a particular mass to move from the sample to the detectq

Not¢ 1 to entry: Usually, the clock timer is started with the beam chopper (20.48) sequence selecting
and|so the recorded-flight time can include the additional time for the primary ion (20.26) to travel t
surfpce (3.2) frem the pulse-forming region of the ion gun.

20.50
refleetron

evelopment

for the SIMS
is has been
Im the depth
filing to be

meter and

inuous ion

n (10.25) in
hat contains

r

in ion pulse,
the sample

<SIM [me_o iah 0.49) mass spe ometer in which ions e _reflected througl

an angle

approaching 180° in order to reduce the flight time dependence on the particular energy of the ions

20.51
stop event
<SIMS> registration of a particle by a time-to-digital converter

Note 1 to entry: The arrival time for each ion providing a pulse at the detector is registered by the time-to-

digital converter (TDC). This is a stop event. TDCs may only record a fixed number of stop events dur
following each primary-ion pulse, for example 512 or 1 024, other events being lost.
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